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Abstract 
The purpose of this program of research was to improve teamwork during neonatal 
resuscitation. As in other areas of healthcare, Crisis Resource Management (CRM)—the 
aviation-derived teamwork model—has been incorporated into neonatal resuscitation 
training programs. Although there is evidence that CRM training improves teamwork 
during neonatal resuscitation, there are weak and inconsistent correlations between the 
CRM principles and teamwork behaviour. In this thesis, I argue that teamwork 
interventions need to be developed in context of the broader work system, and I also 
argue that interventions in the form of functional or cognitive aids should incorporate the 
science of design. Employing a user-centred design approach, I developed an intervention 
that is specific to the requirements of neonatal resuscitation teams—which comprises a 4-
part cognitive system aid (the NeoReadyTM). 
In the first phase of this program of research, I reviewed the effectiveness of neonatal 
resuscitation teamwork training interventions to date. An analysis of the differences 
between aviation crews and neonatal resuscitation teams provided insight into why CRM 
needs to be adapted to fit the needs of the team and their environment. One example of 
where CRM has been adapted to suit the requirements of the domain can be seen in 
anaesthesia. The CRM model used in anaesthesia and other domains advocates the use 
of cognitive aids. I investigated the evidence supporting the use of cognitive aids, and 
examined how they are used in neonatal resuscitation. Although there is evidence that 
cognitive aids can support individuals and teams, poor design of cognitive aids can lead to 
unintended and adverse consequences. Moreover, cognitive aids often only support 
individual cognition, whereas they can be used to support the broader cognitive system, 
including the environment. The first phase of research concluded with an evaluation of the 
neonatal resuscitation decision algorithm according to human factors design principles.  
In the second phase of this program of research, I conducted a team task analysis 
based on the main steps of resuscitation as outlined in the neonatal resuscitation 
algorithm. The task analysis revealed some of the areas that are most vulnerable to 
breakdown in team coordination. I presented general classes of potential solutions. Using 
an existing database of video recordings of neonatal resuscitations, I illustrated that team 
coordination can affect patient outcomes—specifically that the transition between ceasing 
ventilation and commencing intubation could be improved by better team coordination. 
Another key contribution of this study was that it provided compelling evidence that the 
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measure for intubation expertise should not be psychomotor performance, but rather how 
the intubation attempt affects the patient. These findings provide tangible evidence for the 
need to improve team coordination so to improve patient outcomes. 
In the third and final phase of this program of research, I describe the process of 
developing the NeoReadyTM intervention, which is designed to support team co-ordination 
during neonatal resuscitation. The NeoReadyTM is a 4-part cognitive system aid that 
includes (1) a resuscitation recording form that supports teamwork functions (e.g., role 
allocation); (2) a shelf attachment for the resuscitation trolley that provides much-needed 
space to prepare sterile procedures; (3) a turntable for the resuscitation trolley that 
standardises equipment layout in the order of the main steps of a resuscitation; and (4) an 
A3 display for the resuscitation trolley that makes the neonatal resuscitation algorithm and 
relevant reference tables clearly visible to the team. The NeoReadyTM was developed 
according to an interaction design approach, meaning that end-users were involved at 
every stage of the design process. Neonatal resuscitation teams that had not previously 
been involved in the design process, and that had no prior exposure to the prototypes, 
provided evaluation during field-based simulations. The NeoReadyTM system yielded 
moderate to high levels of usability, with an average score of 79.17 out of a possible score 
of 100 on the system usability scale (SUS).  
Teamwork training interventions in neonatal resuscitation have traditionally been 
designed from a top-down perspective, without considering the teamwork challenges and 
requirements specific to the domain. In contrast, this program of research has 
systematically evaluated the specific needs of neonatal teams through a mixed-methods 
approach that included observations of training and clinical practice, and interviews with 
team members. Moreover, teams provided feedback at every stage of the design process, 
so were effectively co-designers of the intervention. The rapid-prototyping technique with 
user feedback at every stage resulted in a novel solution to a range of team challenges. 
The intervention is specific to the context of a single-site study; however, the process can 
be applied to any other domain where there is an opportunity to improve team 
performance through design. In addition to presenting a solution specific to neonatal 
resuscitation teams, this program of research provides a template for rapid, low-cost 
quality improvement for other healthcare teams. 
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Introductory Narrative  
Healthcare teams 
Patient safety is directly affected by teamwork. Teamwork is the interrelationship between 
team member thoughts, behaviours, and feelings.1 As the understanding of the link 
between teamwork and patient safety has grown, team training has become the primary 
strategy to address patient safety concerns.1 2 To improve teamwork and therefore patient 
safety, the Institute of Medicine’s (IOM) landmark report: To Err is Human: Building a Safer 
Healthcare System made the specific recommendation that healthcare teams should be 
trained using similar techniques to CRM (crew resource management) cockpit crew 
training.3 Since that recommendation was made, CRM principles have been applied 
(adapted as crisis resource management) to training a variety of healthcare contexts.4 An 
essential principle of CRM is that the team needs to be formally established for teamwork 
behaviours to be effective. 5 Unfortunately, healthcare teams are inherently unstable, 6  
and are subject to a degree of variability that teams from other domains (such as aviation) 
may not experience. Despite this, CRM is the prevailing teamwork training model for many 
healthcare teams, including neonatal resuscitation teams.  
Teamwork and neonatal resuscitation teams 
Studies in the USA of perinatal sentinel events—cases of death or disability unexpected in 
the context of the natural course of the patient’s condition—reveal that team 
communication breakdown is the root cause in 72% of avoidable cases.7 Similarly, studies 
in Australia of perinatal sentinel events revealed avoidable deaths, citing individual, 
managerial, and organisational factors.8 These reports are particularly concerning because 
sentinel event reporting is voluntary, so is an under-representation of true event rates.8  
Most babies will spontaneously begin breathing at birth. One in five babies receives 
some form of active resuscitation immediately after birth, and about 2% of these receive 
extensive resuscitation.9With the annual birth rate at over 300,000 in Australia,10 extensive 
resuscitation is necessary for over 1000 newborn babies every year. Accreditation and 
refresher courses such as the American Academy of Pediatrics’ Neonatal Resuscitation 
ProgramÒ (NRPÒ) and the Australian-based NeoResusÒ program have incorporated 
CRM principles to address teamwork in neonatal resuscitation training. Although CRM is 
designed to be adapted to the specific requirements of the team and task, there are no 
guidelines for how to adapt team training.11  
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Teamwork is critical to the successful coordination of neonatal resuscitation. Teams 
with effective non-technical (teamwork) skills are also more likely to execute technical 
aspects of the neonatal resuscitation procedure successfully.12 The purpose of this 
program of research is to outline a plan for improving the quality of medical interventions 
delivered by clinical teams to help these babies successfully transition to independent 
breathing. 
Conceptual framework 
System- and person-focused interventions are two distinct approaches for coping with the 
potential for error in the healthcare environment.13 The person-focused approach reflects 
the perspective that errors are “caused” by individuals because of their forgetfulness, 
inattention, or moral failings. In contrast, the system-focused approach seeks to 
understand the conditions under which individuals work, and then builds system defences 
to avoid error, or at least mitigate the effects of system failure.  
The Hierarchy of Intervention Effectiveness was developed by the Institute of Safe 
Medication Practices. It ranks system-focused versus person-focused solutions in order of 
effectiveness for creating lasting system changes.14 The hierarchy of interventions—
ordered from most effective to least effective—is listed below. 
Systems-focused solutions:  
1. Forcing functions. 
2. Automation and computerization. 
3. Simplification and standardization.  
Person-focused solutions: 
4. Reminders, checklists, and double-checks. 
5. Rules and policies 
6. Education and training. 
To date, teamwork interventions in neonatal resuscitation have been singularly 
focused on education and training. The application of CRM falls within the education and 
training category of person-focused solutions. Education and training are some of the least 
effective approaches, and can be some of the most time intensive and resource intensive 
as well. This program of research presents a systems-focused approach to improving 
teamwork, and specifically addresses the simplification and standardization of the 
resuscitation procedure.   
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Aims and structure 
The purpose of this program of research is to improve teamwork during neonatal 
resuscitation. Better teamwork reduces the risk associated with performing neonatal 
resuscitation, and should ultimately improve outcomes for babies born in the presence of 
skilled practitioners. Specific to this purpose, there are four main research aims to 
address. The research aims and corresponding outcomes are presented in chronological 
order corresponding to the three phases of the program of research (see Figure 1). 
 
Figure 1. Overview of the program of research. 
 The first aim was to evaluate the effectiveness of teamwork training interventions in 
neonatal resuscitation to date. The primary outcome of this evaluation revealed that there 
has been insufficient consideration of the specific requirements for team co-ordination 
during neonatal resuscitation.  
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cognitive aid is the neonatal resuscitation algorithm. Paper 1 provides a detailed 
evaluation of the algorithm in the context of human factors design principles.  
The third aim was to do a detailed analysis of the challenges to team co-ordination 
during neonatal resuscitation. The subsequent team task analysis revealed a pattern of 
vulnerabilities that included communication, equipment limitations, and environmental 
factors. Paper 2 provides evidence that coordinated team action affects patient outcomes 
The fourth aim was to develop an intervention to support team co-ordination. The 
subsequent intervention was a 4-part cognitive system aid that was developed through an 
iterative, user-centred design process. The intervention is specific to the context of a 
single-site study; however, neonatal resuscitation is a standardised procedure, so there is 
likely to be some transfer to other units. Furthermore, the process can be applied to any 
other domain where there is a need to understand teamwork goals and challenges with a 
view to improving performance through design.  
The introductory narrative provides an overview of the program of research, including 
the rationale for addressing the challenge to improve teamwork. The project summary 
provides an overview of the main findings, and outlines the theoretical and practical 
contributions made throughout the course of the project. 
The following three manuscripts are included as appendices in their original form as 
a foundation of the thesis: 
• Paper 1: McLanders, M., Marshall, S.D., Sanderson, P., & Liley, H. (2016). The 
cognitive aids in medicine assessment tool (CMAT) applied to five neonatal 
resuscitation algorithms. Journal of Perinatology 37(4):387-93. 
DOI:10.1038/jp.2016.235 
• Paper 2: Nadler, I., *McLanders, M., Sanderson, P., & Liley, H. (2016). Time 
without ventilation during intubation in neonates as a patient-centred measure of 
performance. Resuscitation, 105, 41-44. DOI:10.1016/j.resuscitation.2016.04.016  * 
co-first author 
• Manuscript 1: McLanders, M., Sanderson, P., Mausling, R., Marshall, S.D., & Liley, 
H. (2017). An interaction design approach to designing a teamwork intervention with 
neonatal resuscitation teams: the NeoReady™ project. Completed manuscript. 
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Phase 1: Current team training and interventions. 
 
Figure 2. Phase 1 of the research program. 
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Table 1. The 10 key CRM behaviours with examples. Source: NRPÒ Textbook: 7th edition.19 
 
20/10/2017 Printable: Textbook of Neonatal Resuscitation (NRP), 7th Ed page 13
http://reader.aappublications.org/textbook-of-neonatal-resuscitation-nrp-7th-ed/26?printMode=true 1/1
From Textbook of Neonatal Resuscitation (NRP), 7th Ed:  , 
, ;, ;Weiner, Gary M.;Zaichkin, Jeanette 
Downloaded on Oct 20, 2017, 2:03 AM at 121.223.2.41 
Published by AAP, 2016. All rights reserved. 
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Therefore, the CRM behavioural skills used in NRPÒ19 (see Table 1) are general 
statements intended as guidance, and the accompanying examples do little to clarify 
specific behavioural requirements, especially in the context of a time-pressured 
emergency procedure. 
Aviation and healthcare teams are required to perform under time pressure, with high 
risks, and in emergency situations, so it is unsurprising that CRM has been introduced to 
healthcare team training, particularly in surgical contexts.20 21 However, aviation crews and 
neonatal resuscitation teams differ in work organisation, team formation, and the cognitive 
demands they face. There are key differences in the training, formation of, and 
communication styles of aviation teams that are not shared by neonatal resuscitation 
teams (see Table 2).  
 The key differences between aviation crews and healthcare teams highlights the 
need for CRM programs to be developed according to the team’s context. David Gaba at 
Stanford University has spent decades working on CRM training for anaesthesia teams, 
and this research has produced many iterations of the CRM model.18 The CRM model 
used in neonatal training programs such as NRP® has10 principles, whereas there are 
now 15 CRM principles for training anaesthesia teams.22 Despite this, there is some 
evidence in neonatal resuscitation research that CRM-based interventions improve 
teamwork. Adding CRM to standard NRP training can produce more observable team 
behaviours and can reduce resuscitation times.23 Although the effects of this CRM training 
intervention were still apparent 6 months later,23 observed team behaviours at an 
individual level do not necessarily translate to superior co-ordination as a team. Moreover, 
there is a complete lack of evidence for improvements in newborns’ physiological 
responses or outcomes as a result of CRM-based team training. One of the advantages 
that has been observed23 is shorter resuscitation times–which may not reflect improvement 
as speed can be less important than thoroughness. For example, both the ILCOR 
consensus statement and the NRP® course emphasise that taking the time to improve 
non-invasive ventilation technique may reduce the need for more advanced resuscitation 
steps.17 Nonetheless, timeliness of interventions and transitioning smoothly between 
procedural steps is important, and is improved by team co-ordination.12  
Another important consideration when evaluating the effectiveness of CRM-based 
teamwork interventions to date is that in the one extant randomised control trial,24 the 
comparison group received standard (at that time) technical NRP training— meaning no 
teamwork training at all. There is also evidence that teamwork influences how an individual 
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executes technical skills (and vice versa). There is an overall correlation of CRM 
behaviours with better technical skills performance, even though this effect is supported by 
only three of the 10 skills: (1) delegating workload effectively, (2) using available 
information, and (3) using available resources.12  
 
Table 2. Example differences between aviation crews and neonatal resuscitation teams. 
Aviation crews Neonatal resuscitation teams 
Training 
Qualifications are related to recency of 
experience, and total flying hours in the 
aircraft 
Qualifications are not directly related to 
recency of experience, or total hours 
performing resuscitations 
Opportunity to gain experience through 
simulator hours and real flight hours 
Opportunity to gain experience limited to 
simulation training and (sometimes very 
infrequent) resuscitation events 
Assignment to role largely based on 
quality of prior performances in aircraft 
Assignment to role determined by factors 
other than quality of prior performance  
All team members in the cockpit are 
pilots 
Some team members may be trainees (e.g., 
medical student, student nurse) 
Objective evidence available for 
debriefing and learning 
Limited objective evidence available for 
debriefing and learning from real 
resuscitations 
Team formation 
Crew size is fixed Team size is variable 
Adequate team members available at 
outset 
Team members may arrive at different times 
during procedure 
Experienced team with appropriate skill 
mix present at all times 
Experienced team with appropriate skill mix 
may take some time to gather 
Scope of practice and experience is 
evident to others  
Scope of practice and experience not 
automatically known to others 
Leadership is clearly defined, and role 
requirements are achievable 
Leadership is not well defined, and role 
requirements can be in conflict.  
Communication 
Crews are formally rostered to flights Teams subject to availability amongst 
scheduled staff 
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Table 2 (cont). Example differences between aviation crews and neonatal resuscitation 
teams. 
Aviation crews Neonatal resuscitation teams 
Formal communication protocol across 
the industry 
Informal communication, no mandated 
protocol  
Support for graded assertiveness in 
communication protocol  
No protocol, and recognised practical barriers 
to graded assertiveness 
Critical variables displayed electronically, 
supporting situation awareness  
Critical variables measured manually, 
situation awareness depends on 
communication 
Shared expertise across crew “speaking 
the same language” 
Expertise not shared, multi-disciplinary team 
“speaking different languages” 
Cockpit voice recorders and flight data 
provide an objective and detailed record 
of the events that unfolded, which can be 
used for retrospective performance 
evaluation. 
Limited information detailing events is 
recorded on resuscitation record form. 
Sometimes forms are filled out 
retrospectively, which is subject to the 
limitations of memory.  Performance 
evaluations are subjective.   
Crews work with air traffic control teams Teams are sometimes required to work in 
close proximity with obstetric teams or rapid 
response teams that have different goals 
depending on which patient they are treating 
(mother or neonate). 
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 Similarly, the only CRM behavioural principles that influence how well a resuscitation 
team adheres to NRP guidelines were communication, teamwork, and management. 25 
However, the above analysis assumes that “following the algorithm” is the most desired 
performance outcome, whereas I would argue that being able to manage unanticipated 
variability (e.g., inexperienced helpers, unexpected patient responses, congenital 
abnormalities, equipment failures) may be a more important measure of team performance 
in the real life setting (as opposed to during training using simulation).   
In sum, the evidence to date shows some support for CRM-based team training 
interventions, particularly with increasing team co-ordination, communication and 
managing resources. However, the evidence base is not conclusive for all team 
behaviours as they are defined in the current CRM model used in many neonatal 
resuscitation training programs.  
Other teamwork markers in neonatal resuscitation 
Other team training interventions that are (not CRM-based) have also been shown to 
improve team performance over that of teams trained with standard NRP delivery. The 
specific communication skills of assertion and information sharing have emerged as key 
predictors of better team performance.26 Vigilance (the sustained attention of individuals) is 
also associated with fewer procedural errors.27 However, these findings reinforce the 
person-focused approach to minimizing error, and place the responsibility of preventing 
error back on the individual. 
Protocols to support team co-ordination 
The Australian Safety and Quality Framework for Health Care recommends protocols be 
used as part of the support material to improve shift change handover, and for more 
seamless patient transferral between services.28 Protocols include vocalisation, guided 
written or memorised operational standards, and procedural guidelines. Specifically, 
protocols are often used for known patient safety risk areas, such as patient identification, 
hand hygiene, falls prevention, medication safety, and clinical handover.28 
Protocols specific to neonatal resuscitation teams have been proposed to help 
overcome communication vulnerabilities, a vulnerability also seen in other areas of 
healthcare.29 Yamada and Halamek30 recommend that an aviation-style lexicon be 
adapted to suit the context of neonatal resuscitation. The authors highlight the contrast 
between the extensive training that aviation pilots undergo to learn specific, standardised 
terms and phrases, and the lack of such extensive training in healthcare. The practice of 
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using read-back to close the loop is not new, but this approach adds another layer of 
compliance and clarity; for example, repeating the request with the term “acknowledge” 
where there is read-back failure.30 There is significant scope and potential for vocalisation 
protocols in the neonatal resuscitation context beyond this specific application.  
Shared Situation Awareness 
Team co-ordination can only be as effective as each individual team member’s level of 
situation awareness. Situation awareness comprises three levels; level one (SA1) is 
perception of the relevant aspects of the situation; level two (SA2) is comprehending the 
situation, and level three (SA3) is projecting future status after one or more variables have 
changed.31 In the context of neonatal resuscitation, SA1 is achieved by monitoring vital 
signs in the context of time since birth. Taking the observation of vital signs to SA2, the 
airway manager may see that the mask ventilation technique is ineffective based on target 
SpO2 values for the neonate. At the level of SA3, the airway manager may check the mask 
seal and reposition, then ask the airway assistant to be ready to provide intubation 
equipment in the event that the neonate continues to be unresponsive to the mask 
ventilation technique, and requires intubation. ‘ 
Shared situation awareness requires team members to individually have “mental 
models” or understandings of how situations work and what they mean, in order for the 
individuals to be mutually comprehensible to each other. Without shared situation 
awareness, anticipation and planning is compromised, and communication may be 
hampered by a lack of shared awareness of key variables. Anticipation and planning is 
made more difficult with the variability of clinical practice; teams have to perform 
resuscitations within different physical locations (some less than ideal), with non-normative 
patient characteristics, and with too few (or too many) team members present. 
Improvement efforts that try to design out variability are destined to fail. Instead, we need 
to design solutions that support resilience— that is to provide flexibility for teams to adapt 
and respond to the variability of clinical practice.32 Design that supports shared situation 
awareness begins with understanding the user’s information requirements.31  
Cognition and Cognitive Aids  
Cognitive aids are prompts that guide individuals or teams through a task, or series of 
tasks, with the purpose of reducing errors and omissions that can occur as a result of time- 
and task-pressure.33 34 35 Cognitive aids can take the form of checklists, visual displays, 
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auditory displays, decision support tools, mnemonics, or any other artefact that supports 
cognitive processes such as attention and working memory.33  
Cognition extends beyond the internal processing of the individual. Cognition is 
shared (distributed) between (1) the team, (2) their equipment, and (3) their environment.36 
Cognition is distributed across the team when they share cognitive processes, such as 
perceiving that the patient is not responding to ventilation efforts, and taking corrective 
steps, or proceeding to intubate. The equipment is an extension of the intention to perform 
the intervention. For example, an intubation requires laryngoscope and ETT (endotracheal 
tube) to perform the procedure. 
The environment also shapes the team’s behaviour. For example, the amount of 
space available (usually limited) will constrain the placement of the equipment trolley, 
which subsequently affects the accessibility to equipment, and how team members interact 
with each other and with the equipment.  
Cognitive demand is created by time- and task-pressure and even physical 
constraints (e.g., limited space in resuscitation rooms). Fortunately, with expertise and 
regular practice comes a level of automaticity, meaning that task-relevant cues and 
patterns are processed more quickly. Although experienced team members may have less 
task-related cognitive load, they typically have additional demands such as supervising 
less experienced team members, and exposure to more challenging case presentations. 
Fortunately, there are various ways to support cognitive processes with external 
representations of those processes.37 Physical artefacts are used to facilitate team 
planning, communication, and coordination, and this has been demonstrated in a range of 
healthcare settings.38 39 40 
Given that cognition is distributed across the team, their equipment, and the 
environment, it is more accurate to conceptualise cognition as a cognitive system.36 
Therefore, a “cognitive aid” can be somewhat a misnomer, because the name implies that 
the aid is an extension of individual’s cognition. Rather, cognitive aids should be 
conceptualised as “cognitive system” aids and therefore should extend beyond individual 
cognition to the team, their equipment, and the physical space.  
Cognitive Aids in healthcare 
One of the principles included in the CRM model for anaesthesia—but not the CRM model 
for neonatal resuscitation—is to “Use Cognitive Aids.”18 For example, the WHO’s surgical 
safety checklist for teams follows the 3 phases of an operation: (1) prior to anesthetic; (2) 
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prior the first incision and (3) post-operative (debrief). In the 12 months after implementing 
the checklist in 8 hospitals worldwide, there were fewer surgical-site infections, fewer 
unplanned returns to the operating theatre, fewer complications, and fewer deaths in the 
post-operative period.41 Thus there is compelling evidence that checklists can provide 
meaningful improvements in patient safety. Just as importantly in the context of this study, 
cognitive aids can improve teamwork. Even cognitive aids that do not direct team 
behaviour can improve teamwork, because reduced task load means more cognitive 
resources can be directed towards team behaviour. 33 42  
The problem with poorly designed cognitive aids 
The evidence that cognitive aids in various forms can improve performance is promising, 
but there is a need for a well-structured design process with empirical evaluation 
throughout the process to reduce the risk of unintended consequences. Increasingly in 
healthcare there are cognitive aids, checklists, and especially smartphone and tablet 
applications that are unregulated and potentially very dangerous.43 There are inherent 
limitations in cognitive aids, such as the distractions and time delays that can be created 
by poor design, and the danger that decision tools can support limited heuristics only, and 
therefore reinforce errors in clinical judgement.33 44 The risk of poorly designed cognitive 
aids is that they can have no effect on technical performance or teamwork, and can even 
reduce team communication.33 45 
The neonate is a complex and dynamic system that requires a team to respond to 
the inevitable variability that each case presents. Cognitive aids in neonatal resuscitation 
have generally been evaluated by their ability to ensure that clinicians adhere to the 
consensus algorithm. However, this is a normative approach that only really demonstrates 
that the cognitive aid is effective when resuscitations go according to the contingencies 
already represented in the algorithm. In reality, when congenital abnormalities and co-
morbidities occur, it is not always appropriate to follow the algorithm, and it may even be 
harmful. Overall, the limitations of cognitive aids will be mitigated when cognitive aids 
support teams during both expected and unexpected events; that is, when they support 
resilience in team functioning.  
Design evaluation guidelines for cognitive aids  
Although there is clear impetus for well-designed cognitive aids, there are limited design 
guidelines in the context of healthcare. Once again, aviation has provided inspiration for 
the development of an assessment tool specifically deigned to evaluate healthcare 
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emergency checklists. The Cognitive Aids in Medicine Assessment Tool (CMAT) is based 
on the UK Civil Aviation Authority’s Checklist Assessment Tool (CHAT), a tool that is used 
to evaluate the content and usability of emergency drills for use on aircraft. The CHAT 
consists of 73 attributes across three domains: (1) physical characteristics, (2) content and 
(3) layout and format. 46 The adapted tool, CMAT, consists of 43 attributes across the 
same three domains, with 21 of the attributes to direct replications from CHAT, and 22 
items modified to the medical equivalent of the original aviation context. The inter-rater 
reliability of CMAT was assessed using seven difficult airway checklists (anaesthesia), 
shoulder dystocia (obstetric/gynaecology), severe acute asthma, and a paediatric 
resuscitation checklist. Convergent validity was established by comparing the checklist’s 
ranked CMAT scores with an overall impression score of usability.  
Given that cognitive aids are designed to form part of the clinical procedure, it stands 
to reason that they should be evaluated according to medical device guidelines. If we are 
to evaluate cognitive aids against medical device design guidelines, then the following four 
criteria would apply; (1) the content should reflect best practice guidelines, (2) the design 
should be appropriate for the context of an emergency, (3) the format should be familiar to 
the cognitive aid used during training and (4) there should be support for team co-
ordination.33  
Cognitive aids in neonatal resuscitation 
Appropriately designed cognitive aids can be particularly useful for tasks—such as 
neonatal resuscitation—that have inherent uncertainty and time pressure.47 48 .In neonatal 
resuscitation, the use of cognitive aids includes variations on the ILCOR consensus 
algorithm49 a tablet application for use during resuscitations,50 an instructional mobile 
application for intubation education,51 an intubation checklist,52 and a pre-resuscitation 
checklist.53 54 The following section provides a brief discussion of their effectiveness in 
turn. The International Liaison Committee on Resuscitation (ILCOR) have developed a 
decision algorithm for neonatal resuscitation, which is used in NRP training and can be 
used in clinical practice.55 The algorithm is a simple branch design that outlines a 
treatment pathway and a recovery pathway, guided by decisions based on the neonate’s 
heart rate response (see Figure 3).  
The ILCOR algorithm—and its adaptations by various member resuscitation 
councils—is a type of cognitive aid that supports decision-making during training and 
clinical practice.56 Fuerch and colleagues50 adapted the NRP algorithm to a decision-
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support tablet application, and found that clinicians using the tablet were significantly more 
likely to adhere to the NRP algorithm, and less likely to perform unnecessary clinical 
procedures. Despite these encouraging findings, further empirical support is needed that 
tablet and smartphone applications offer an advantage over the traditional paper-based 
algorithm, particularly in relation to teamwork, communication and co-ordination.  
Endotracheal intubation is one of the more technically challenging aspects of 
neonatal resuscitation. A smartphone application specific to neonatal intubation has been 
developed as an educational tool for clinicians.51 An evaluation comparing pre- and post-
viewing performances of intubation on a manikin revealed a significant decrease in time 
taken for intubation, and a significant increase in skill. A rapid sequence intubation 
checklist has also been evaluated for use during in paediatric emergencies.52 Not only 
were technical processes performed more reliably when using the checklist, but team 
behaviours such as discussing the potential for a difficult airway were also significantly 
more likely to occur.  
Checklists have also been employed to improved communication and processes in 
the delivery room. Katheria and colleagues’54 pre-resuscitation checklist includes role 
allocation, special case considerations, and a de-brief section including an evaluation of 
performance and any follow up requirements. A retrospective evaluation of this checklist in 
clinical practice showed an improvement in communication overall. Although this specific 
checklist’s design was tailored to meet the needs of a specific unit, the case illustrates how 
checklists can facilitate team organisation and support communication protocols.  
Design evaluation of five neonatal resuscitation algorithms (Paper 1)  
In Paper 1 (McLanders et. al., 2016), I used the CMAT57 criteria and the four medical 
device design criteria 33 to evaluate the ILCOR neonatal resuscitation algorithm (Figure 3) 
and four design variations (see Paper 1 for all five algorithms). The ILCOR algorithm is 
provided as a guide for member resuscitation councils to use, and is intended to be 
adapted to local contexts. However, I noticed that there was significant variability in design 
across member councils, and I wanted to see if, and to what extent, design variations 
affected usability. The reliability between two raters (myself, and co-author Dr. Marshall) in 
the first Delphi round was fair to good. The second Delphi round, scores were discussed 
and consensus was reached. Each algorithm’s adherence to CMAT attributes is shown in 
Table 3).  
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Figure 3. Neonatal resuscitation algorithm.56 
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Table 3. CMAT scores for each of the five neonatal resuscitation algorithms: ILCOR, ANZCOR 
(Australian and New Zealand Committee on Resuscitation), AHA (American Heart Association), 
ERC (European Resuscitation Council), and RCSA (Resuscitation Council of Southern Africa).  
Algorithm  Applicable 
attributes 
Score CMAT 
adherence 
ILCOR 30 32/60 53% 
ANZCOR 31 28/62 45% 
AHA 31 26/62 42% 
ERC 31 30/62 48% 
RCSA 31 24/62 39% 
 
The first medical device design criterion—that content should reflect best practice 
guidelines—was met by all algorithms, as ILCOR’s purpose is to provide a resource for, 
and consensus on, best practice guidelines. However, the results indicate that there 
should be greater consideration of design principles so that when consensus guidelines 
are adapted to meet regional guidelines (as intended) that usability (readability) is not 
compromised.  
The second medical device design criterion—that the design should be appropriate 
for emergency use—showed mixed adherence across algorithms. There is some evidence 
that a linear design is easier to follow than a branched design during emergencies,58 but 
the RCSA algorithm is the only algorithm that is not branched. Other design issues 
emerged from the CMAT analysis that might affect usability in the context of an 
emergency, such as poor colour contrast, small font, and instructions for tasks not directly 
relating to the emergency, such as antenatal counselling at the start of the ERC and AHA 
algorithms.   
The third medical device design criterion—that the format should be familiar from 
training—is most likely the case for all algorithms. The algorithms have been designed for 
resuscitation training content and materials for each region, so presumably are familiar to 
people who have received training and accreditation.  
The fourth medical device design criterion—that the algorithms should support team 
co-ordination—yielded mixed results. The AHA and ERC algorithms contain advice for the 
team to pre-brief, but the algorithms are really designed for technical guidance, and 
provide no explicit direction for team co-ordination. However, as noted earlier, cognitive 
aids with good technical support will reduce cognitive load, which can then be directed to 
team behaviour.  
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One threat to the validity of the results of this study is that CMAT is somewhat 
misrepresented as a “cognitive aid evaluation tool”. That is, the CHAT “Checklist 
Assessment Tool” is specifically designed to evaluate aviation checklists. The neonatal 
resuscitation algorithm is a decision support tool, not a checklist. Despite this, CMAT was 
validated using a range of medical decision support tools, and most of the design criteria 
were directly relevant to the algorithms (e.g., appropriate colour contrast, legibility at arm’s 
length, clear linking of ‘read’ and ‘do’ items). 
The CMAT example illustrates how the term “cognitive aid” is sometimes used 
interchangeably with “checklist”. Checklists are by definition cognitive aids, but cognitive 
aids can be any artefact that provides support for teams, including dedicated procedural 
work surfaces.59 A cognitive aid can provide support for the team, enhance accessibility to 
tools, and shape the environment; thereby providing a system-wide approach to 
supporting teamwork. 
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Phase 2: Establishing requirements for an intervention 
 
Figure 4. Phase 2 of the research program. 
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ILCOR’s recommendation that CRM-based team training should be implemented in 
neonatal resuscitation training was a first step to improving teamwork, but there is more 
work to be done. For neonatal resuscitation teams to derive full benefit from team training, 
teamwork strategies need to be tailored to fit the specific challenges that teams face. The 
current recommendations for team training appear to have been made without a 
systematic analysis of the requirements, conflicts, and challenges that teams face during 
neonatal resuscitations. Prescribing CRM principles in broad terms may lead to an 
unstandardized, ad-hoc approach when training individuals how to co-ordinate for effective 
teamwork. 
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Table 4. Neonatal resuscitation team challenges (page 1 of 4). 
 
1 
   
Table 1: Team Challenges in Neonat l Resu citation   
   
Team	Procedure	 Corresponding	Team	Challenges	 General	Classes	of	Potential	Solutions	
Block A (Initial Steps)   
Neonatal nurse (NN) checks all 
resuscitation equipment is available and 
working. 
Equipment 
• Equipment that is unavailable  
• Equipment that is broken  
• Insufficient time to replace broken or missing items 
• New equipment or new protocol for using existing equipment 
 
Checklists  
• Mandated equipment checks prior to each 
birth, and equipment familiarization checks.  
• Repeat of the checklist at the resolution of 
each resuscitation to ensure replacement of 
equipment.  
• Equipment malfunction and remedy checklist 
• Back-up equipment availability 
NN prepares equipment appropriate for 
gestation. 
Equipment | Role allocation 
• Time pressure to prepare equipment if baby is significantly 
smaller than expected.  
• Responsibility of equipment check assigned to the group, 
with no clear understanding of who is responsible for 
conducting the check. 
Protocol 
• Clearly define roles to prevent diffusion of 
responsibility  
• Implement an equipment preparation strategy 
as part of standard procedure. 
Call for help from attending 
neonatologist (N) or pediatrician (P) if 
perinatal risk factors are present, or if 
assisted delivery is likely.  
Role allocation 
• The responsibility of calling for help not clearly assigned.  
• Failing or delaying the call for help due to fear of a “false-
alarm.” 
• Junior staff requiring support, supervision and training 
throughout procedure 
Verbal protocol | Cognitive aid  
• Use closed-loop communication for shared 
situation awareness.  
• Create decision aid that prompts when to call 
for help, and reinforce benefit of early calls over 
the cost of false alarms. 
 
Turn on radiant warmer and check 
oxygen blender settings. 
Equipment  
• Staff not familiar with current hospital's protocol for oxygen 
blender settings 
Display 
• Have oxygen settings clearly displayed on 
resuscitation table or on blender 
Delivery Competing priorities 
• Record keeping requires an assisting nurse/clinician to stop 
assisting mother and neonate, at least for some time. 
• Recording numbers into cells is difficult due to poor form 
design. 
Team organization 
• A staff member to act as a dedicated scribe, 
could also act as a "reader" guiding the team 
through protocols or cognitive aids 
• Well designed and empirically validated forms 
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Table 4 (continued) Neonatal resuscitation team challenges (page 2 of 4). 
 
2 
   
Team	Procedure	 Corresponding	Team	Challenges	 General	Classes	of	Potential	Solutions	
NN takes neonate and places under 
radiant warmer on a resuscitation table. 
Competing priorities 
• The midwife or ob/gyn's assessment of the neonate supports 
routine care, but the neonatal team's judgment is to complete 
initial steps at the resuscitation table.   
Vocalization protocol  
• Protocol reinforces assertion language of 
escalating concern 
• Organizational culture that reinforces the 
ultimate responsibility for neonatal outcomes 
with the neonatal team.  
 
NN commences initial steps of warm, 
dry, stimulate while waiting for N or P to 
arrive. 
Team formation 
• Infant is very depressed at birth and requires immediate 
advanced resuscitation, but N/P is delayed.  
Team organization  
• Early recognition of neonate distress and 
prompt calling procedures.  
• Encourage registered nurses to acquire 
advanced resuscitation skills, including 
advanced airway management 
 
When N/P arrives, critical information is 
communicated, including: pre/perinatal 
risk factors, gestation, time since birth. 
Situation awareness 
• Neonatal team not present when birth team conduct "time-
out" before birth 
• Incomplete or inaccurate handover costs the neonatal team 
valuable time in responding to the neonate with appropriate 
interventions.  
Team organization | Guided protocol | 
Cognitive aids 
• A team member responsible for recording 
events  
• Scribe could also act as a "reader" guiding the 
team through handover protocol and procedural 
cognitive aids.  
 
A team is formed and roles are 
allocated. N/P assumes leadership role. 
Team formation 
• Role allocation assumed, but not communicated to the group  
• Appropriate skill mix may be unavailable, impacting role 
allocation  
• Ad-hoc teams can be unaware of each others' names, 
expertise and experience, affecting role allocation, and 
interpersonal communication (e.g., dangling requests). 
• Insufficient team members to complete all required tasks in 
timely manner 
• Insufficient skill mix in the team 
• Confusion and physical constraints of too many individuals in 
the team.   
Team organization 
• Role allocation protocol that incorporates team 
size and team configuration. 
• Contingency protocol to follow when key team 
members are delayed or not available. 
• Protocol for each new arriving member to 
introduce themselves to the team, including 
name and expertise. 
• Determine most functional team size for 
neonatal resuscitation, and how that varies 
depending on the extent of resuscitation. 
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Table 4 (continued) Neonatal resuscitation team challenges (page 3 of 4). 
 
3 
   
Team	Procedure	 Corresponding	Team	Challenges	 General	Classes	of	Potential	Solutions	
Team completes initial steps (including 
suctioning airway if necessary) 
evaluates the neonate's respiration and 
heart rate. Heart rate is communicated 
by tapping out on the bed so other team 
members can hear. Count for six 
seconds, then multiply by 10 to get bpm. 
Oximeter is attached if heart rate not 
detected or cyanosis is apparent. 
Situation awareness | Equipment 
• Distractions and cognitive demand means missed heart rate, 
so unclear as to neonate's status. 
• Each clinician's counting heart rate varies by 1-2 beats, or 10 
to 20 bpm, so they each have a different mental model of the 
neonate's state.  
• Pulse oximeter attached, but neonate is too depressed for 
machine to provide an accurate reading of heart rate and 
SpO2.  
• Pulse oximeter is attached incorrectly 
• Pulse oximeter attached correctly, but takes 2 minutes to 
provide an accurate reading. 
Team organization | Guided protocol 
• Reader may work with the team leader to 
ensure all relevant information is announced to 
the team.  
• Decisions require clinical consensus by at least 
2 clinicians before proceeding.  
• Contingency for when clinical consensus 
cannot be reached. 
The decision is made to either proceed 
to Block B, or provide routine care. 
Leadership | Competing priorities 
• The team disagrees about the evaluation of the neonate's 
overall state, but communication is hampered by personality 
factors, and hospital policy and culture. 
• It is necessary to proceed to Block B, but appropriately skilled 
staff not unavailable. 
Guided protocol | Expand scope of practice 
• A protocol that requires clinical consensus 
between 2 clinicians before proceeding.   
• Impartial leader, selected on their ability to 
guide the team, not based on hierarchy 
• Contingency for when consensus cannot be 
reached.  
• Consider further training of NN in advanced 
resuscitation skills. 
Block B (Respiration)   
Team proceeds to administer PPV or 
CPAP. Respiration, oxygen saturation 
and heart rate are monitored 
simultaneously.  
Situation awareness 
• Loss of situation awareness (e.g., time since birth, target 
Sp02 values and the neonate's actual Sp02 reading) due to 
cognitive load and competing task demands. 
Cognitive aid | Display 
• A dynamic cognitive aid to make the actual and 
target Sp02 values salient at each significant 
time point.  
 
Effectiveness of technique and 
equipment are assessed.  
Competing priorities 
• The emphasis on time in the guidelines leads to rushed 
intubation, without first adjusting ventilation technique and 
allowing the neonate time to respond.  
• The decision to either delay or proceed to intubation may be 
made by the team leader, but not be supported by all team 
members.  
Guided protocol 
• A protocol that requires clinical consensus 
between 2 clinicians on the efficacy of ventilation 
before proceeding to intubate. 
• Contingency for when consensus is unable to 
be reached.  
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Table 4 (continued) Neonatal resuscitation team challenges (page 4 of 4). 
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Team	Procedure	 Corresponding	Team	Challenges	 General	Classes	of	Potential	Solutions	
Block C (Circulation)   
Intubation: all equipment is prepared and 
individuals are ready to perform 
allocated roles.  
Role allocation | Equipment 
• Equipment is unavailable, or not working (e.g. laryngoscope 
light not working).  
• Insufficient staff available to help co-ordination of intubation 
• Hygiene of equipment is compromised at crucial point.   
• The leader performs intubation and loses sense of time 
elapsed and time without ventilation. 
Cognitive aid | Guided protocol  
• A protocol for teams to "reset", allocating roles 
specific to the intubation procedure, particularly 
re-allocation of leadership.  
• Protocol outlining procedural steps for each 
role.  
Co-ordinate chest compressions with 
PPV. 
Team size | Role allocation 
• The physical challenge of coordinating two or more 
individuals working around the neonate on a resuscitation 
table.  
• Either the airway manager or the clinician performing chest 
compressions are too fast, too slow, or out of rhythm.  
Team organization | Auditory display 
• A training guide that details the ideal 
choreography positioning and handling of 
equipment for each role.  
• An auditory guide to pace chest compressions 
and ventilation breath 
Block D (Medication)   
Administer epinephrine intravenously or 
via endotracheal tube. 
Team size | Role allocation 
• It is not possible for the airway manager to secure an 
umbilical IV while providing respiratory support.  
• Additional skilled support not available. 
Procedural protocol 
• Protocol that triggers when to call for additional 
help. 
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Teams should be able find ways to achieve success despite encountering 
unanticipated variability from the assumptions of the ILCOR algorithm in terms of 
resources, events, and physiological states.  
The approach to teamwork in neonatal resuscitation to date has been primarily top-
down, where CRM teamwork principles are expected to merge with technical processes. 
The limitation of this approach is that the broadly stated principles do not specifically target 
the competing priorities and challenges faced by neonatal resuscitation teams. In contrast, 
a bottom-up approach involves first conducting a detailed analysis of the challenges teams 
face.60 Employing a task analysis technique will uncover examples of unanticipated 
variability in work practice, and so will reveal the contextual factors that challenge work as 
it is performed.61 Through this approach, team training can then be designed not only to 
accommodate “standard” resuscitations that follow the algorithm, but also to support 
resilience when unanticipated variability occurs. 
A team-based task analysis was conducted using the ILCOR algorithm as the 
framework for each major team task and each step (see Table 4). The task analysis 
follows the steps of resuscitation, from the initial steps of warm, open airway, dry, stimulate 
(Block A); to the respiration steps of PPV (positive pressure ventilation) CPAP (continuous 
positive airway pressure), and SpO2 monitoring (Block B); to the circulation steps of chest 
compressions (Block C); and medication/drugs (Block D). For each action and 
corresponding evaluation node, the potential for teamwork breakdown was documented. 
The process of identifying teamwork vulnerabilities was informed by consultation with a 
clinical expert, familiarization with clinical training, and familiarization with clinical practice.  
Team challenges 
The process of identifying the challenges to team co-ordination at each step of the 
resuscitation procedure revealed vulnerabilities across several key areas. The list of team 
challenges is not exhaustive, but is discussed in broad terms as they emerged from the 
task analysis at each step of the algorithm. The list includes equipment, team size and role 
allocation, competing priorities, team formation, and leadership.  
Equipment 
A lack of equipment, and non-functioning equipment are two recurring problems in 
neonatal resuscitation.62 If sterility is compromised during the procedure, teams will 
probably recover by replacing the item as quickly as possible—but resilient teams will be 
able to deviate from the intended action and provide the next best support for the neonate 
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in the meantime. The integration of new equipment, or an altered protocol for using 
existing equipment, also adds complexity to practice. 
Team size and role allocation 
The size and skill mix of neonatal resuscitation teams is dynamic, such that the team at 
the beginning of the procedure may be very different to that of the team that resolves the 
resuscitation. Teams must reconfigure to adapt when each new team member and 
corresponding skill base is added. Consequently, role allocations will evolve and change 
as the skill mix changes. A further challenge for teams is to co-ordinate as effectively when 
a two-person team as when a five- or even ten-person team.   
The NRP® recommendations for minimum team size (2-3 people) apply once 
assisted ventilation commences.15 Teams must adapt to the challenge of too few team 
members. Larger team sizes can reduce the task demand on each individual, but can also 
increase the need for communication and co-ordination. Furthermore, larger teams have 
more difficulty resolving conflicts and reaching consensus than smaller teams.63 
Experience level also interacts with role allocation. A qualified but inexperienced doctor or 
nurse may not be able to fulfil the requirements of a role, and may create additional 
workload for senior staff as they provide training. The challenge for teams is to recognise 
the symptoms of an inappropriate team size or skill mix, and to call for additional members 
and reassign roles as needed to respond to the resuscitation being performed.  
Competing priorities 
Neonatal resuscitation is a time-critical task that has implications for mortality and long-
term neurological outcomes, yet the target timeframes in neonatal resuscitation guidelines 
do not always reflect clinical reality.64 65 The pressure to meet unrealistic targets may be 
why some clinicians hasten the progression to intubation, without first modifying their mask 
ventilation technique and allowing the neonate sufficient time to respond to ventilation.  
Priorities of the birth team can also obstruct the neonatal team’s response. The birth 
team’s assessment of the neonate may be influenced by their priority to present the 
neonate to the mother for bonding. In the case of caesarean section, the surgical team 
may fail to include the neonatal team in the “time out” pre-brief. Lack of evidence and 
consensus about the optimal timing of cord clamping in depressed newborns can also 
contribute to delayed resuscitation response and add to uncertainty.66 67 Changes in 
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guidelines or hospital protocols can also challenge the status quo and create uncertainty 
or conflict, particularly if teams are not well known to each other.   
Communication barriers created by clinical hierarchy can also produce a competing 
priority between maintaining psychological safety while providing adequate care for the 
patient. Simpson and Lyndon68 surveyed 133 obstetric nurses on what clinical action they 
would take in response to a physician refusing to allow the neonatal team to be present at 
a birth where there was evidence of fetal compromise. Despite 72% of the nurses 
reporting that they were aware that telling the physician their opposing view was the 
appropriate action, only 28% reported they would actually do so.  
Team formation 
The formation of teams is influenced by the consistency of the work each individual 
performs, and the consistency of the members within a team. Although healthcare teams 
use strategies such as time-outs ,69 neonatal resuscitation teams may not have enough 
time for pre-briefing. Instead, team formation is often staggered, with additional members 
joining the team as they are needed, or become available. Indeed, late paging for help 
and/or late arrival of help can lead to significant delays in securing an airway.70 Therefore, 
a complete resuscitation team is not defined by team size, but by the presence of the 
appropriate skill mix to meet the requirements of the resuscitation at hand. 
A dynamic process of formation and re-formation occurs as each new team member 
arrives to the resuscitation. Moreover, each new team member requires an overview of the 
situation in order to rapidly become an effective team player. However, a situation 
overview requires the attentional resources of at least one team member, who must either 
split their own attention while performing their role in the resuscitation, or suspend their 
role while providing the overview. In either case, there is a risk of information loss and 
performance compromise. Trauma resuscitation teams face similar issues of information 
loss when obtaining and retaining handover information.71  
Leadership 
The structural characteristics of teamwork include suitable leadership, where the leader 
preserves the organisational and task goals, and facilitates performance of relevant 
members. In the TeamSTEPPS® teamwork guidelines, leaders are encouraged to direct 
requests to a specific individual,72 rather than risk diffusion of responsibility. However, as 
discussed earlier, the hierarchy of professional status influences psychological safety and 
the willingness of individual members to speak up.73 Moreover, doctors’ opinions tend to 
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be weighted more heavily than the opinions of other members.74 Despite this, a leader who 
demonstrates inclusive language and inclusive action (invites others’ contributions) has 
been shown to promote psychological safety in healthcare teams.73  
Similar to the issues raised within competing priorities, an additional challenge for 
neonatal resuscitation teams is how to change leadership as the skill mix—and 
hierarchy—changes in the room. The most senior nurse or midwife present will typically 
adopt the role of leader and airway manager if a doctor is not present, but the leadership 
role will probably be reassigned according to professional status as others arrive. 
However, there is inherent conflict if the clinician who is airway manager also tries to 
undertake the leadership role, particularly during intubation. The clinician’s cognitive and 
physical resources are fully engaged with the technically demanding aspects of intubation, 
yet effective leadership requires a broader view of the neonate’s progress, including 
monitoring the changing physiological targets. Thus, the local awareness required to 
manage the airway effectively is a competing priority to the global awareness required to 
manage the patient effectively. Furthermore, the expectation is that when present, the 
doctor is expected to be the leader, but they are also expected to perform tasks that only 
they are accredited and experienced to do. Therefore the whole model of medical, single 
leadership may be flawed. 
Team task analysis summary 
The conceptualisation of team requirements in neonatal resuscitation has been 
somewhat simplified to fit the CRM model. The cognitive task analysis has revealed 
several specific key vulnerabilities that can disrupt a team in their co-ordination during a 
dynamic resuscitation procedure. Broad solutions including cognitive aids, protocols, and 
team organisation are provided as a summary of progress to date, and particularly as a 
guide for future research dedicated to improving non-technical aspects of resuscitations. 
The solutions presented here merely point to the types of interventions and strategies that 
may provide practical support for an imperfect environment. We also need to consider how 
experienced teams organise and adapt to the types of challenges that they have identified. 
Team training interventions should be focused on supporting teams to perform according 
to protocols and best practice procedure, but also to develop resilience in the face of the 
unexpected variability they will undoubtedly face. Co-ordinated team action is integral to 
addressing the physiology of the patient, and the priorities of care that change minute-by-
minute. 
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Co-ordinated team action as it relates to patient outcomes (Paper 2) 
The timely delivery of appropriate interventions relies on team members acting and 
interacting in a precisely coordinated manner. This has been described as “clinical 
choreography” where the quality of the team’s sequencing, timing and technique affect the 
performance of each procedural goal.75 Team co-ordination challenges for neonatal 
resuscitation teams include preparing and using equipment, and performing interventions 
in the constricted space surrounding the neonate. The goal for teams is to achieve 
seamless transitions between each step, and to adopt the most effective physical 
arrangement of team members relative to each team size.  
In Paper 2 (Nadler & McLanders et. al., 2016), I explain how previous research has 
focused on the technical skills of the person performing the intubation, whereas well-
performed intubation also requires good teamwork. Furthermore, I show that team co-
ordination during intubation has direct impact on the patient. The goal of intubation is to 
quickly establish an airway for the baby, but in this study, there were gaps in ventilation 
that were not were not necessary for the intubation procedure. The median time between 
ceasing ventilation efforts with the mask, and commencing the first step of the intubation 
(laryngoscope in the mouth), was 5 seconds, and the maximum observed time was 46 
seconds. Similarly, the time to reconnect ventilation once the ETT was in place, or to go 
back to mask ventilation (as with a failed intubation attempt) was 6 seconds, with a 
maximum observed delay of over 3 minutes. Overall, the time without ventilation was often 
more than twice the duration of the intubation attempt (see figure 5). The implication of 
these findings is that better teamwork could improve the transitions at either end of the 
intubation attempt. For example, better organization of equipment could correspond to 
having intubation equipment ready sooner.  
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Figure 5. Comparison of Laryngoscope in–out duration to total time without ventilation for each intubation outcome (succeeded, 
failed, and withdrawn) for each intubation attempt. Values at left are median (min–max) duration in seconds.
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In addition to highlighting the need for smoother transitions at either end of an 
intubation attempt, an important theoretical contribution of this study was to challenge the 
status quo of how intubation performance is evaluated. To our knowledge, intubation is 
always evaluated in the literature according to the psychomotor aspects of the task—from 
laryngoscope insertion to laryngoscope removal—as performed by the clinician.76 77 
However, this study provides a compelling rationale to change how we measure intubation 
performance as to how the intubation affects the patient; that is, to evaluate according to 
the amount of time the baby is without ventilation. The focus of the team then extends to 
providing uninterrupted ventilation to the patient for as long as possible before 
commencing the attempt, then being ready to recommence ventilation immediately after 
the attempt. This is an important departure from focusing on the individual (the airway 
manager) and their technique, to focusing on the co-ordinated action of the team, which is 
more important to the patient’s outcomes.
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Phase 3: The NeoReadyTM Intervention 
 
Figure 6. Phase 3 of the research program. 
In principle, cognitive aids can support teams by reducing cognitive load and improving 
team coordination. However, the evaluation of the five neonatal resuscitation algorithms 
emphasizes the need for a considered design process that adheres to theoretical and 
practical design guidelines. In this section, I describe the empirical, user-centred design 
process that I used to design a cognitive aid intervention for neonatal resuscitation teams.  
Intervention overview 
Neonatal resuscitations can occur in variety of locations, even within the tertiary maternity 
care hospital where this intervention was developed and tested. I personally observed 
resuscitations in the birth suite and in the resuscitation room adjoining theatre, but they 
also occur in the resuscitation room adjoining birth suite, in the critical care unit, and a 
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senior consultant even described performing an advanced resuscitation on a baby born in 
the adult emergency department after the mother presented with abdominal pain that was 
in fact a concealed pregnancy requiring immediate delivery. The variability of the social 
environment in each of these cases can change the team dynamic; for example, there may 
be the full birth team present, and there may be a family member present, or a critically ill 
mother. In each case, the social environment, the physical space, the room layout, and 
even the resuscitation surface (e.g., infant resuscitation open care system, or wall-
mounted resuscitation station) are variable, and influence where the equipment trolley is 
located where the team stands, and therefore how the team interacts. I wanted the 
intervention to be useful in all delivery contexts, so the intervention was designed around 
the one constant in all of these situations: the resuscitation equipment trolley (Aurion® 
CP/AN1 see figure 7).  
Figure 7. Existing resuscitation equipment trolley (inset), and the equipment trolley with the 
four-part cognitive aid intervention: (1) Resuscitation record form; (2) Swing-out shelf; (3) 
Organisation turntable with equipment outlines; and (4) A3 display of the resuscitation 
algorithm and reference tables.  
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Systems-based design approach 
Interaction design 
To date, interventions—such as those based on CRM principles—are expected to operate 
in parallel with the technical processes. The limitation of this approach is that the 
teamwork behaviours do not directly address the competing priorities and challenges 
specific to neonatal resuscitation teams. For example, it is difficult for a team member to 
“anticipate and plan” (as per SA3) for the next step (e.g., preparing intubation equipment 
for an infant not responding to ventilation technique) when they are assisting at a 
resuscitation for the first time (e.g., on a new clinical rotation), or—as one senior nurse 
described during their interview—attending a resuscitation for the first time in a long time. 
Another major limitation of the top-down approach is that it tends to result in solutions that 
do not match the actual needs of the end user.  
In contrast, an interaction design78 approach develops solutions that are informed by 
the requirements of neonatal resuscitation teams. The priority is to involve end users at 
every stage of the design process, from gathering requirements to evaluating the potential 
design solutions, and final evaluation to ensure they are fit for purpose (see Figure 8).  
 
Figure 8. User-centred, interaction design process as formulated by Rogers et al.78 
Rapid prototyping 
The interaction design process cycles iteratively through the stages of gathering 
requirements, designing prototypes and then, based on feedback and evaluations, 
redesigning the prototypes (i.e., a rapid prototyping technique). Unlike quantitative data 
techniques that require statistical significance, the premise of rapid prototyping is that even 
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one expert’s feedback can be sufficient to identify design limitations. Rapid prototyping is 
about observing interactions with prototypes from enough people to provide ‘saturation’ on 
whether the design iteration has solved problems, or created new problems. Therefore, the 
designer requires sufficient domain knowledge to differentiate between design 
preferences, and design problems, where the former require consensus whereas the latter 
requires adjustment. Similarly, user-centred design is not simply asking the user what they 
want, because typically users would not have an understanding of the complexity of 
human-system interaction.31 Rather, the designer presents options that are developed 
from an empirical, multi-method, and systematic approach to understanding user 
requirements.79 The process of gathering requirements is outlined in the methods section 
below. 
Data collection methods 
Design decisions were based on a mixed-methods approach including, (1) observations; 
(2) interviews; (3) desktop walk-throughs; and (4) simulation testing. Methods and results 
are described in detail in Manuscript 1 (McLanders, et. al., 2017) and are briefly described 
herein.  
Observations. I observed several neonatal resuscitation training sessions. I also 
conducted a series of informal observations for domain familiarisation in multiple locations 
within the hospital, including birthing rooms, the resuscitation room adjoining two birthing 
rooms, and the resuscitation room adjoining two obstetric theatres. 
Interviews. I conducted Interviews with experienced neonatal consultants (senior 
staff specialists) and code nurses (nurses assigned as senior members of resuscitation 
teams) with at least 20 years’ experience and who regularly attend resuscitations as part 
of routine practice. Interviews were semi-structured and based on the critical incident 
technique (CIT) where participants were asked to recall a specific, memorable 
resuscitation that they had attended in the previous 6-month period. This technique 
involves recalling a specific event so that participants can describe teamwork that actually 
occurred; that is, the technique reveals work-as-done rather than work-as-imagined. 80 81 
At the end of each CIT interview, I presented the latest iteration of the prototype(s) for 
expert feedback.  
Desktop walk-throughs. Desktop walk-throughs were interviews with neonatal 
experts (consultants and nurses). Once the prototypes had evolved to a stage where the 
feedback involved minor rather than major (structural) adjustments, I asked participants to 
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perform a very low fidelity “walk-through” of a resuscitation, and had them imagine how the 
prototypes would work in that context.   
Simulations. All 4 simulations were conducted in the resuscitation room adjoining 
birthing rooms. Teams were called to attend a “neonatal code blue”, then as they arrived in 
the room, consultant and simulation fellow Dr. Richard Mausling would provide the briefing 
scenario. The simulation was then paused so that I could give a brief overview of the 
features of the prototypes attached to the equipment trolley, and a brief introduction to the 
features of the record form. The purpose of the overview was to highlight only the basic 
features because I wanted to see how participants would spontaneously interact with the 
prototypes. After the introduction, Dr. Mausling would restart the scenario, so that 
participants would set up equipment while they were waiting for the delivery of the 
mannequin. Once set-up was complete, the scenario was again paused, so that 
participants could give feedback on their experience of set-up with the prototypes. The 
scenario was then restarted as the mannequin was brought into the room.  Dr. Mausling 
manually manipulated the mannequin’s response to resuscitative efforts so that the team 
would perform an extensive resuscitation requiring all equipment (including UVC 
preparation). Once the final steps of the resuscitation (drug administration) were reached, 
the mannequin would respond to treatment and the scenario ended.  
Design decisions and rationale 
The purpose of this section is to expand on the design decisions and design process 
included in manuscript 1 (McLanders et. al., 2017).  
Record form (Part 1) 
Comments from neonatal nurses during interviews and during observations of 
training revealed that the current neonatal resuscitation record form has usability 
problems; namely that the boxes provided for clinical observations were too small to write 
in. Furthermore, I consulted the literature and found that resuscitation record forms are 
often filled out retrospectively, and are often incomplete.70 This is probably due to time 
pressure, insufficient people present to allow for a dedicated scribe, and form layout that 
has poor usability that is not appropriate for an emergency procedure. I reasoned that if 
the form had better usability, and if it were to support team co-ordination (i.e., not just 
“more paperwork”) then adherence to thorough, real-time reporting might be improved.  
One of the first design decisions was whether a replacement record form—with 
added features to support teamwork—should be paper, or electronic. I considered the 
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evidence that participants using emergency checklists in anaesthesia simulations show a 
preference for paper over electronic aids,82 and I reasoned as follows: 
1. Paper can be easily discarded if necessary. That is, if the “reader” or scribe is 
urgently required to help with patient care, paper can be dropped on the floor 
without concern for damage.  
2. Paper is not vulnerable to loss of power, or poor connection, whereas electronic 
devices are. 
3. Paper is cheaper, and can be duplicated and placed in multiple locations across 
the hospital, so is therefore is more readily available. Furthermore, any design 
solution could potentially be transferred to lower-resource settings. 
4. An electronic aid may be pose a challenge to less technically proficient members 
of the team. Barriers to use of computer-based technology were apparent several 
times during observations. 
5. A paper form should be easier for staff who have English as a second or third 
language to familiarise themselves with, as there are fewer variations on 
presentation.  
6. The hospital involved in this study relies, for most purposes on paper-based 
records which are then scanned. As yet, they do not have the capability to 
accommodate direct upload of electronic patient records of neonatal resuscitation. 
See Figure 9 for the original form, which is an A4 page printed both sides. Figures 10 and 
11 are example interim versions of the A3 record form printed both sides. Figure 12 is the 
final version of the A3 record form printed both sides. Other design decisions are outlined 
in Table 5. 
The record form had by far the most design iterations, with over 40 versions created 
before the final version was agreed upon. Although the record form had the most thorough 
feedback and user evaluation in the rapid-prototyping stage, it was not sufficiently 
evaluated during the simulations. With only 3 people in each simulation team performing 
an advanced resuscitation, there were insufficient people present to allow for a dedicated 
scribe. This reflects actual clinical practice, and provides useful insight into why 
documentation during neonatal resuscitation is often incomplete.70  
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Table 5. Design features and rationale for the new resuscitation record form (Part 1) 
Feature Rationale 
Colour used to divide 
sections, open format of 
clinical observations 
area.  
1. Colour is good for discrimination, but high contrast is 
required.57 
2. High-contrast text and background for maximum visibility. 
3. Emergency contact details are highlighted with red colour. 
4. “Makes you want to fill it out. Less intimidating than a huge 
checklist.” (User feedback).  
Larger, less structured 
area to fill in clinical 
observations. 
1. More adaptable for emergency situations. 
2. More adaptable for filing out while standing, possibly 
without a solid writing surface. 
Ordering of the pages 1. Logical flow that follows procedural steps; 
2. First page prompts role allocation, and detailed pre-
briefing;  
3. Resuscitation steps recorded on back page, so if there’s 
no time for preparation, they do not need to open up and 
fold back the form, can simply flip over and record events; 
4. Less crucial pages inside as will have more time to open 
up and fold back. 
Team Role Allocation 
vs. Attendance list 
1. Roles are more meaningful than an attendance list. 
2. Roles (especially leadership) are assumed rather than 
explicitly stated. 
Role legend with 
multiple allocations per 
person 
1. Roles are dynamic. Will change during a resuscitation 
based on demands of the procedure 
Pre-brief overview 1. For handover, situation awareness, and clinical records. 
Team pre- and post-
resuscitation checklists 
1. Team preparation and situation overview 
2. Debriefing prior to patient transfer.  
Inclusion of neonatal 
resuscitation algorithm 
1. The algorithm provides guidance for normative 
resuscitations, and is especially important for helping teams 
prioritise tasks.  
Inclusion of special 
case considerations 
1. Guidelines for resuscitations that do not follow the 
normative pathway of the neonatal resuscitation algorithm. 
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Figure 9. Original neonatal resuscitation record form. A4 size, front (left) and back (right). Source: Mater Mothers’ Hospital.  
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Figure 10. Version 17 of the resuscitation record form. A3 size, front (left) and inner pages (right).  
         
Figure 11. Version 35 of the resuscitation record form. A3 size, outer (left) and inner (right) pages.  
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Figure 12. Final version (44) of the resuscitation record form. A3 size, outer pages (top) 
and inner pages (bottom). 
!
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Despite the findings in Paper 1—that the algorithm had relatively poor adherence to 
CMAT design criteria—redesigning the algorithm was beyond the scope and priorities of 
the current project. The current algorithm is both useful and used, as was evident at the 
beginning of each session when all four of the simulation teams opened the record form to 
the algorithm page for reference. The form invariably ended up underneath the equipment, 
and this was the design inspiration for Part 4: the mounted A3 algorithm and reference 
table display.  
Shelf (Part 2)  
Several team members commented on the lack of space during resuscitation—
specifically, space to open the sterile UVC pack and perform the sterile procedure, saying 
“there’s no space to prepare a UVC”, with another team member revealing a workaround 
strategy: “sometimes we have to drag the other code cart over and use that.” Teams 
reported that during resuscitation, “bench space is at a premium” and another commented, 
“if only we could build a shelf.” This was the design inspiration behind Part 2.  
There were five main design iterations of the shelf (Figure 13). The shelf was 
designed to sit flush over the top of the equipment trolley, without adding to its footprint. 
This was important due to overall space constraints in the room, and so that there was not 
a risk of teams bumping into a protruding attachment. In order to standardise equipment 
layout, I had visual representations (outlines) of all equipment printed onto sticker sheets. 
The outlines were generic, not brand-specific, and were approximately actual size. Using a 
template (outlines) of equipment improves consistency of equipment layout.40 
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Figure 13. Shelf evolution. (A) original design concept; (B) Corflute® prototype (C) acrylic 
prototype (larger to fit UVC kit); (D) shelf with sticker layout used in first simulation; (E) shelf with 
“UVC preparation area” sticker only, as used in all other simulations.  
During my observations I noticed that the patient chart, record form, and A4 algorithm 
with reference tables would be placed on the top of the equipment trolley, but they would 
end up either underneath the equipment and out of sight (as with the A4 algorithm), or put 
aside and out of reach (patient chart and record form). Therefore, for the desktop walk-
throughs and first simulation, I used the sticker outlines to indicate that the patient chart 
and record form should be placed on the shelf. I also thought that the NeoWrap® which is 
either in the equipment trolley drawer, or wall-mounted depending on the resuscitation 
room, should be put out on the shelf. The feedback was that these items should not be on 
the equipment trolley, and teams unanimously thought the shelf should be left without 
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equipment outlines (except for a small sticker that says “UVC preparation area”). Other 
design decisions for the shelf are outlined in table 6.  
Table 6. Design features and rationale for the shelf (Part 2). 
Feature Rationale 
360 degree 
rotation 
1. Can be situated directly above turntable for minimal footprint; 
2. Can be swung off to side for UVC (or other equipment) preparation 
without interfering with top of code-cart; 
3. Can be swung away behind code card if perceived to be in the way. 
Clear acrylic 1. Minimal visual occlusion of equipment turntable when in position over 
the top of the code cart; 
2. Texture is easy wiping for infection control. 
Quarter-
segment 
shape  
1. Can swing between stabilising bars of the code cart; 
2. Smooth edges for safety. 
Size 1. Large enough to accommodate unfolded UVC pack  
2. Can fit (swing) between stabilising bars of the code cart; 
3. Leaves at least one quadrant of equipment turntable freely 
accessible. 
Attached to 
Left hand 
arm of the 
equipment 
trolley 
1. Right hand arm mounted restricts access to the hand sanitiser space; 
2. Right hand arm mounted would occlude the visualisation of the 
laryngoscope drawer. 
Retrofit and 
removable 
1. Can be easily removed or added to any code cart with bars of 30mm 
diameter; 
2. Height is adjustable to accommodate different shelves or other fittings 
on the equipment trolley. 
3. Easier to modify after testing if design changes are needed. 
Reinforcing  1. Strengthened to allow for mild load bearing activities, e.g., leaning on 
to write on patient chart, or preparing the UVC. 
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Equipment turntable (Part 3) 
The issue of equipment layout on the resuscitation trolley was a recurrent theme in 
interviews. Many team members expressed their frustration at how the equipment 
inevitably ends up as a mess on top of the equipment trolley, as one team member said: “if 
only there was some kind of system!” The design goal was to fulfil the requirement for a 
more systematic layout of equipment (see Figure 14).  
 
Figure 14. The design evolution of the equipment turntable. (A) original concept; (B) 
Corflute™ prototype; (C) acrylic prototype (larger, centre section removed); (D) sticker 
layout for first and second simulation; (E) sticker layout for third simulation; (F) sticker 
layout for fourth simulation.  
As with the shelf (Part 2) the equipment turntable was designed to sit flush over the top 
of the equipment trolley, without adding to its footprint. Equipment stickers were also used 
on the turntable to standardise equipment layout. Design decisions specific to the 
equipment turntable are outlined in table 7. The technical drawing of the shelf and 
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turntable submitted to the UQ engineering workshops is appended after the final 
manuscript.  
Table 7. Design features and rationale for the equipment turntable (Part 3). 
Feature Rationale 
Clear acrylic 1. Minimal visual occlusion of top of code cart, so if something falls or 
is pushed underneath, can still see it; 
2. Texture is easy wiping for infection control. 
Rotating 
function, Four 
quadrants 
The four quadrants logically follow the four steps of the resuscitation: 
Airway, Breathing, Circulation, and Drugs. As the turntable rotates, it 
becomes apparent which equipment may be needed next, therefore 
provides anticipation and planning support for the airway assistant. 
Equipment 
outlines with 
names 
Standardises equipment layout. For example, the maternity team 
could do set-up for the neonatal team, and the neonatal team will 
know where/how the equipment is laid out.  
Provides visual prompts for staff who are inexperienced with neonatal 
resuscitation equipment, or who have not had recent exposure to 
preparing or assisting neonatal resuscitation.  
Centre 
reciprocal for 
discarded 
packaging 
(earlier 
versions) 
So much rubbish from packaging clutters the top of the code cart. 
Rubbish bin on side of code cart not used. 
Rubbish reciprocal on the code cart is off to the side, and is a foot-
pedal bin but is elevated off the ground, so is awkward to access and 
to open.  
Design Change: Centre reciprocal discarded because packaging is 
too large, and is springs back into shape when crumpled. 
 
46 
 
 
Figure 15. A4 Newborn life support reference chart; algorithm (left) and reference tables (right). Source: Mater Mothers’ Hospital
Adapted from: Australia and New Zealand Committee on Resuscitation 2016 Updated 2016
Poster produced by: MULTIMEDIA SERVICES, Mater Misericordiae Limited Brisbane (VLA 06.11) 21194
Newborn Life Support – Reference Chart
Medications for Neonatal Resuscitation
Medication Concentration 
to administer
Preparation Dosage / Route Rate
Adrenaline 1:10 000 1:10 000
solution
IV          0.1-0.3 mL/kg 
 (preferred)
ET          0.5-1.0 mL/kg 
 (do not delay IV access)
Give rapidly. Flush IV
catheter with 1.0 mL
0.9% sodium chloride
(No flush if ET)
Volume
expanders
0.9% sodium
chloride
O negative
blood
Estimated
volume
drawn into
large syringe
10 mL/kg IV
(umbilical vein)
Give over several 
minutes, repeat as
needed
Consider critical bleeding protocol
Meconium If meconium-stained amniotic fluid call paediatric Birth Suite registrar.
Observe heart rate, respiratory rate and temperature every 15 minutes 
for one hour.
Positive Pressure Ventilation Commence in room air (consider 30% O2 if <32 weels), pressures 25/5 
cm water.  Alter pressures and/or oxygen concentration if needed.
Cardiac Compressions Compress 1/3 diameter of chest over lower 1/3 of sternum, using 2 
thumb technique.  Give breath after each third compression.
Documentation Record all details on Neonatal Resuscitation Record Sheet
Endotracheal Intubation
Corrected gestation (weeks) Actual weight (kg) ETT size ETT mark at lip (cm)
23 - 24 0.5 - 0.6
2.5
5.5
25 - 26 0.7 - 0.8 6
27 - 29 0.9 - 1 6.5
30 - 32 1.1 - 1.4
3
7
33 - 34 1.5 - 1.8 7.5
35 - 37 1.9 - 2.4
3.5
8
38 - 40 2.5 - 3.1 8.5
41 - 43 3.2 - 4.2 3.5 - 4 9
Depth of insertion can also be estimated as (6 + weight in kg) cm if exact weight not known
Document ID  PR-CLN-800060 Version 1 Date 09/16
At
 a
ll 
st
ag
es
 a
sk
: d
o 
yo
u 
ne
ed
 h
el
p?
Term gestation?
Breathing or crying?
Good tone?
Maintain normal temperature
Ensure open airway
Stimulate
HR below 100?
Gasping or apnoea?
Positive pressure ventilation
SpO2 monitoring
HR below 100?
Ensure open airway
Reduce leaks
Increasing pressure & oxygen 
Intubation or laryngeal mask
HR below 60?
Three chest compressions
to each breath, 100% oxygen
Intubation or laryngeal mask 
Venous access
HR below 60?
IV, adrenaline
Consider volume expansion
Maintain normal 
temperature
Ongoing evaluation
Laboured breathing or
presistent cyanosis?
Ensure open airway
SpO2 monitoring
Consider CPAP
Post-resuscitation care
Targeted pre-ductal
SpO2 after birth
1 min 60 - 70%
2 min 65 - 85%
3 min 70 - 90%
4 min 75 - 90%
5 min 80 - 90%
10 min 85 - 90%
No
Yes
Yes
Yes
Yes
Yes
Stay with
mother
No
No
No
Yes
1 m
in
ut
e
IV Adrenaline 1:10,000 Solution
Gestation (weeks) Dose
23 - 26 0.1 mL
27 - 37 0.25 mL
38 - 43 0.5 mL
10-30 microg/kg (0.1-0.3 mL/kg)
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A3 reference chart (Part 4) 
After noticing that participants were using the algorithm in the record form, and looking for the 
reference tables, it became apparent that the existing A4 algorithm and reference tables should be 
displayed large enough to be read at a distance, and in a position where it could be seen by all (not 
covered by equipment). I enlarged the existing Mater reference chart (see figure 15), and mounted 
it on the top of the equipment trolley in a clear acrylic stand. The design decisions for the A3 
mounted reference tables (Part 4) are outlined in table 8.  
Table 8. Design features and rationale for the A3 algorithm and reference tables (Part 4). 
Feature Rationale 
Algorithm displayed 
(A3) on top of 
equipment cart 
Teams would look to the algorithm as a “back-up” support, 
but it is placed on top of the equipment trolley, so gets 
covered by resuscitation equipment (observed during 
resuscitations, and participant feedback).  
Clear acrylic stand Clear acrylic is used for visibility, and can be wiped clean for 
infection control.  
Reference tables 
displayed (A3) on top of 
equipment cart  
During simulations, the airway manager and assistant would 
both look to reference tables for appropriate measurement of 
ETT depth at lip, and size of ETT for birth weight. However, 
during simulations, reference tables would be covered by 
equipment on cart. This also occurs during routine clinical 
practice.  
The A3 display is a hands-free display.  Two doctors pulled 
out their mobile phones to look up reference tables prior to 
the baby being delivered. With less time to prepare, they 
would not have been able to do this without suspending 
patient care. 
Formative evaluation of the NeoReadyTM  
An important consideration during testing was that different participants were used for 
each phase of the rapid-prototyping. Specifically, the neonatal team involved in the 
formative evaluation (field simulations) had not been involved in any earlier evaluations or 
decision decisions, so they could provide an objective evaluation at first exposure.  
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Qualitative feedback from the simulation sessions was a mix of positive feedback, 
and suggestions for improved usability. Representative comments for each part of the 
system are provided as follows: 
Part 1. The resuscitation record form: 
The record form was not adequately tested during the simulation sessions. However, there 
was predominately positive feedback about the pre-briefing, role allocation, and reference 
tables on the form. One group commented (retrospectively) that there was insufficient 
space for recording clinical observations. Representative comments are as follows:  
(Group A). I just opened it up to show the adrenaline. To say about the dose. It’s good to know in 
your head that that’s the dose. Because there’s new regulations for now. So that was good having 
the paper for that.  
(Group B). it’s: pretty clear using names (role allocation). 
(Group C). I really liked this (record form) which is why I tried to use it, which we generally do, but I 
think sometimes in the heat of the moment, if we’ve got time, which we often don’t, it is great this 
checklist down the bottom (of page one, pre-brief checklist) just to make sure we’re all on the same 
page, and we’ve sort of got that anticipation of what to expect if things were to go south. I always 
check these things, but then the resuscitation plan, possible risks… which we often don’t get time to 
think about as a group. We kind of just all think in our heads was has to be done, so I think that was 
great that we could talk with who’s in charge where we would potentially need to go… which is good 
to think about that now, rather than while we’re doing the resuscitation.  
(Group D). There’s not enough boxes on the recording form. I suppose you could use a second one? 
Part 2. On using the shelf for UVC preparation: 
The feedback on the shelf was predominately positive; however, the first simulation group 
did not have an adequate pre-briefing about the shelf’s rotating function, so therefore did 
not appreciate the full functionality of the shelf. All other teams provided encouraging 
feedback about the shelf. Representative comments are as follows: 
(Group A). I found the shelf a bit distracting.   
(Group B). That was really good! Not be setting up on top of everything else it was still able to get at 
the other equipment that we needed that was underneath on the turntable. 
(Group C). that is a pro, increasing the room you have. That just gives that luxury, of having 
bit more, you’re kind of increasing your space on the table.   
(Group D). I like this shelf because you never have anywhere to do it (UVC prep). If you need to 
draw up the drugs you could go around there (push shelf out behind code cart) which actually 
creates a safety barrier while you’re checking the drug. (Yeah x 2) Away from the hustle and bustle, 
so you’re not likely to be pulled back in. 
Part 3.Turntable 
The feedback on the equipment turntable was positive, however there was significant 
dissent about the layout of the equipment in each of the equipment. Representative 
comments are as follows: 
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(Group A). I like the visual identification for the Adrenaline. Because every unit is different, and I’m 
not used to finding it there, I’m used to finding it in the first drawer for some reason. So I like knowing 
where that is.  
(Group B).	It was good having it all there in a visual… like often it’s all there, but not in an orderly 
fashion 
(Group C). I’m a visual person so having the visual aids … like lazy suzy, that’s an awesome idea as 
well. Yeah, just prompts, perhaps what we already know, but just having it there like a puzzle visual 
thing is helpful (yep x2). it actually makes you organise your space.  
 (Group D). Don’t need the A quadrant, all that goes on the bed or under the mattress.  
Part 4. Algorithm and reference tables. 
Every group referred to the algorithm and reference tables. Once the A4 display was 
increased to A3 size made the algorithm more accessible and visible to participants. 
Representative comments are as follows: 
(Group A). I usually use the app for the lengths and everything (gestures to phone).  
(Group B). yeah I like to have that prompt there (algorithm) because sometimes that can just vanish 
under high stress.  
(Group C). Yeah it’s usually hidden under all our equipment so when we open everything up in a 
hurry we often don’t see it. And it’s good to see it, again as a refresher… particularly if you’re starting 
to panic a bit if things aren’t going to plan it’s there to jump back to and to focus.   
*Note: Group C and I brainstormed the design idea for Part 4 (mounting the algorithm and reference 
tables to the top of the equipment trolley).  
(Group D). (A3 algorithm) it’s a bit above this Doctor’s eye line (laughs), but good. Usually gets 
covered up, so that’s good. At least that’s kind of in your face.   
The purpose of the simulation testing was to gather qualitative feedback about the 
usability of the 4-part system, which had previously been evaluated as individual items. As 
previously mentioned, the inspiration for Part 4, the algorithm and reference table, came 
out of the simulation testing. In addition to qualitative feedback, I wanted a quantitative 
measure of usability, so I gave teams the SUS (System Usability Scale), which is “quick 
and dirty” usability measure that is valid even with very small sample sizes.83 Participants 
filled out the SUS scale at the end of each simulation session, and were asked to rate the 
usability of the 3-part system. Part 4 was developed after the third simulation session, so 
the final group evaluated the 4-part system. Simulation testing yielded a moderate-high 
average usability rating (79.17) on the SUS, which is above the average target usability 
score of 68 (see Figure 16). ormative testing revealed that the NeoReadyTM is functional, 
and has moderate-high usability. The qualitative feedback reflected that the design 
intentions were well received, and that the prototypes were usable in the context of a 
simulated resuscitation. Much of the discussion and feedback from the simulations was 
about whether the sticker outlines were in the correct spot, or whether certain equipment 
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needed to be put on the turntable or elsewhere. As discussed, the record form was not 
adequately tested during the simulations, because there were insufficient team members 
to allow for a dedicated scribe. 
 
Figure 16. System Usability Scores. The red line indicates the target (68) for "above 
average" usability. 83 Pattern and shading represent the three-person teams across the 
four simulations; Teams A, B, C and D. 
Scope, limitations, and future directions 
Formative testing of the NeoReadyTM has provided proof of concept in terms of design 
approach. A mixed-methods approach to gathering user requirements, combined with a 
user-centred, iterative design approach has provided a novel solution to a range of team 
challenges. The prototypes were purposefully designed to fit the challenges faced by 
Mater teams, and the design solution is specific to the model and style of equipment trolley 
they currently use in training and clinical practice. However, the concept could easily be 
modified to fit other versions of the equipment trolley. Furthermore, NeoReadyTM is 
designed to shape the environment, not people, and therefore will be more robust to staff 
turnover. The design approach provides a template to follow for other design solutions that 
will be specific to other teams and their environments.  
Given time and resource constraints, there was no opportunity to test the 
NeoReady™ in the full clinical context. However, throughout the course of my candidature, 
I have been involved with another study that is gathering video recordings of resuscitations 
at the Mater Mother’s hospital. There is potential for future research to provide summative 
testing of the NeoReadyTM where video recorded resuscitations could be used to compare 
transitions between procedures, and other measures of team co-ordination, possibly as a 
pre-post intervention study design. 
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Project Summary 
 
Figure 17. Overview of the program of research. 
Project overview and implications 
The purpose of this program of research was to improve teamwork during neonatal 
resuscitation. Teamwork is important because teams that demonstrate effective teamwork 
skills are more effective at performing technical aspects of the neonatal resuscitation 
procedure.12 The traditional model for addressing team limitations is often ‘more’ or 
‘improved’ training; however, this is a time- and resource-intensive solution that implies 
that people are the ‘opportunity’ to be improved. 79 84 Rather than targeting ‘people’ I have 
targeted the process from the perspective of a systems-focused solution. Rather than 
providing a new, improved teamwork training model, I have instead taken a systems 
approach and supported team coordination through design. This approach is more robust 
to staff changes, and looks at the team as they function as part of a broader cognitive 
system.  
Outcome 1: A 10-
principle CRM model 
has been incorporated 
into neonatal 
resuscitation training 
without considering the 
requirements specific to 
teams working in this 
domain. The same 
CRM model with an 11th 
principle: “use cognitive 
aids” is used in 
anesthesia, a domain  
that shares similar time-
and task-critical 
features, and where 
extensive analysis of 
the team requirements 
has been done.  
Aim 1: To evaluate the 
effectiveness of 
teamwork training 
interventions in neonatal 
resuscitation to date.  
Purpose:	To	Improve	Teamwork	During	Neonatal	Resuscita:on	
Aim 2: To evaluate the 
effectiveness of 
Cognitive Aids as they 
are currently used in 
neonatal resuscitation. 
Aim 3: To uncover team 
requirements, and the 
challenges to team co-
ordination during neonatal 
resuscitation. 
Aim 4: To develop a 
cognitive aid(s) that 
supports teamwork and 
team co-ordination during 
neonatal resuscitation. 
Outcome 2: The 
neonatal resuscitation 
algorithm is the most 
widely used cognitive 
aid. The design of the 
algorithm does not 
adhere to previously-
validated design 
criteria for cognitive 
aids in medicine 
Outcome 3: Team 
challenges outlined in a 
team task analysis. Co-
ordinated team action 
involves shared cognition 
across the team, the 
task, and their 
environment (the 
cognitive system). 
Improving team co-co-
ordination during 
resuscitation—especially 
during intubation—is 
important for improving 
patient outcomes. 
Outcome 4: A 4-part 
cognitive system aid that 
was developed by an 
iterative, user-centred 
design process. The 
design process provides 
a precedent for 
designing interventions 
in other areas of 
healthcare.  
Paper 1: The Cognitive 
Aids in Medicine Tool 
(CMAT) applied to five 
neonatal resuscitation 
algorithms.  
Paper 2: Time without 
ventilation during 
intubation in neonates as 
a patient-centred measure 
of performance 
Manuscript 1: An 
interaction design 
approach to designing a 
teamwork intervention 
with neonatal 
resuscitation teams: the 
NeoReady™ project.  
Phase 1: Review of current 
team training and interventions: 
CRM and Cognitive Aids 
Phase 3: Cognitive aid 
system intervention 
Phase 2: Establishing 
team requirements for 
an intervention 
52 
 
In the following section I summarise each of the three phases of my work, with 
emphasis on the aims and outcomes of each phase, and discuss the theoretical and 
practical implications.  
Phase 1. Current team training and interventions: CRM and Cognitive Aids 
The first aim was to evaluate the effectiveness of teamwork training interventions in 
neonatal resuscitation training to date. The prevailing teamwork model in neonatal 
resuscitation is CRM,16 24 which has been incorporated into healthcare team training after 
success with aviation crew training.3 I drew a comparison between aviation crews and 
neonatal resuscitation teams, and highlighted the key differences in training, team 
formation, and communication. The conclusion of this evaluation is that CRM is an 
effective teamwork model where there has been translation into the new domain, and 
where the specific requirements of the team are considered and the model has been 
adapted accordingly.18 Although CRM was always intended to be adapted to fit the 
context, there are no guidelines for this process.11 Furthermore, the current CRM model for 
neonatal resuscitation teams has been prescribed without thorough interpretation or 
consideration of the team’s requirements. In Phase 2 of this program of research I present 
an analysis of the vulnerabilities to team co-ordination, and in Phase 3 investigate where 
teams see the potential for improvement.  
Since cognitive aids are integral to other CRM models,20 85 I reviewed the evidence 
for the use of cognitive aids in healthcare generally, and in neonatal resuscitation 
specifically. The evidence suggests that cognitive aids can improve team performance of 
clinical tasks,41 but they can also improve team behaviors.33 However, there is a danger 
that poorly designed aids can lead to clinical errors and breakdown in team 
communication.33 These findings highlight the need for an empirical design process in 
healthcare equipment generally,86 and cognitive aids specifically.  
The second aim was to evaluate the effectiveness of cognitive aids that are used in 
neonatal resuscitation. The outcome of this evaluation revealed that the most prevalent 
cognitive aid is the neonatal resuscitation algorithm.87 In Paper 1, I provide a detailed 
evaluation of the ILCOR algorithm and four variations by member councils against CMAT 
design criteria,57 and against medical device guidelines.33 The outcome of this study was 
that the ILCOR algorithm had moderate adherence to both CMAT criteria and the medical 
device guidelines, but that design variations reduced the adherence to these guidelines. 
The conclusion from this study was that the same core content presented differently can 
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reduce usability, and therefore cognitive aid design should be a considered and thorough 
empirical process. Limitations of the CMAT tool were discussed; specifically that the terms 
‘checklist’ and ‘cognitive aid’ were used interchangeably.57 Although checklists are one 
way to support and externalize cognition—and thereby reduce cognitive load—cognitive 
aids can take many forms other than checklists.59 Cognitive aids can support attention and 
working memory, thereby reducing cognitive load and improve situation awareness.33 
However, cognition extends beyond the individual—it is distributed between the team, the 
task, their equipment, and the environment.36 88 Therefore, cognitive aids should be 
designed to support the entire cognitive system.  
Phase 2: Establishing requirements for an intervention 
The third aim was to conduct a detailed analysis of the challenges to team co-ordination 
during neonatal resuscitation. The subsequent team task analysis revealed a pattern of 
vulnerabilities that included communication, equipment limitations, and environmental 
factors. The timely delivery of appropriate interventions also relies on team members 
performing precise sequencing, timing and technique. This is ‘clinical choreography’ where 
the quality of the team’s coordination affects the performance of each procedural goal.75 In 
Paper 2, I provide evidence that coordinated team action has important practical 
implication for the patient during intubation. The theoretical contribution of this paper was 
that it provided justification for changing how intubation is currently evaluated 
(laryngoscope in-out duration)76 77 to have a greater emphasis on how it affects the patient 
(time without ventilation).  
Phase 3: The NeoReadyTM Intervention 
The fourth aim was to develop an intervention to support team co-ordination. I employed a 
mixed-methods approach to gathering team requirements, so that through an iterative, 
user-centred design process,78 the 4-part cognitive system aid emerged. The NeoReadyTM 
is a novel solution that addresses a range of team challenges across the entire cognitive 
system.  
Although the record form will require further testing for evaluation, it has features that 
support team behaviour, including pre-briefing, role allocations, and post-briefing. The 
space for recording clinical observations is larger and less structured, which makes it 
easier for hasty recording while standing. The record form includes the algorithm as a 
reference point for normative resuscitations, but also provides guidelines for non-
normative (special case) resuscitations. Currently, there is no template for a neonatal 
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resuscitation recording form. The recording form I developed could be a useful template 
for other neonatal resuscitation teams, and could easily be adapted to meet site-specific 
requirements. If other hospitals were to make use of the record form, there would be 
advantages of standardisation and familiarity for staff transferring between hospitals.   
The shelf provides much-needed additional workspace, particularly for sterile 
procedures such as the UVC kit. The shelf and its rotating function creates a versatile work 
surface that may create other affordances. For example, during simulation testing it 
became apparent that the shelf could be pushed behind the equipment trolley, providing a 
safety barrier from the main activity for medication preparation.  
The turntable supports standardised equipment layout. This standardisation provides 
order and consistency in a small space, and the team will know exactly where things are 
located on the trolley, regardless of who set it up. This creates the opportunity for the 
maternity team, or even junior team members to confidently place the equipment ready for 
the neonatal team. The equipment templates provide support for less experienced staff, or 
staff who may not be familiar with equipment specifically used on neonates. The rotating 
function with four quadrants has the advantage of bringing the relevant equipment to the 
front of the trolley, and creates a sense of sequencing (or flow) through the four main steps 
of the resuscitation. This will support anticipation and planning for the next steps, and 
support memory for equipment names and equipment layout. The equipment outlines also 
acts as an embedded checklist, supporting memory for which items should be put on top 
of the trolley.     
The A3 display of the algorithm and reference tables addresses the issue of the A4 
version being covered by equipment on the trolley. The A4 version needed to be held 
within reading range due to smaller page, and therefore smaller font size. The A3 
algorithm and reference tables are a shared resource that is visible at all times, and 
supports team cognition. The algorithm supports long-term memory of the procedural 
steps of a resuscitation, which is particularly useful where there has been limited exposure 
to the task. The reference tables support working memory, so that the team can 
concentrate on the resuscitation effort rather than ETT details or dosage calculations.   
The intervention was designed around the equipment trolley because it was the one 
constant in the variability of resuscitation locations. Equipment trolleys vary according to 
manufacturer and model, so this limits the generalizability (of Parts 2 and 3 in particular) 
as attachments to trolleys in other neonatal units. However, the general format of a “code 
cart” or equipment trolley is a set of drawers for equipment storage, and a flat work surface 
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to lay the equipment out on. Therefore, it may be possible to make minor design 
adaptations that will suit different models.  
If, as expected, summative testing of the prototypes in the clinical environment yields 
positive outcomes, then I will approach the manufacturer of the equipment trolley to 
discuss production of the prototypes as optional attachments. Neonatal resuscitation 
training at a local level would need to be adapted so that individuals can learn to use the 
prototypes to the full advantage of their functionality.  
The advantages and challenges of embedded research  
The World Health Organisation (WHO)89 advocates the use of embedded research—
where the researcher has an academic affiliation but takes time to immerse themselves in 
the organisation—to develop locally relevant and demand-driven solutions to health 
service challenges. Embedded research is increasingly being recognised as a valued 
approach to quality improvement and other projects.90 
There are also barriers and compromises that the embedded researcher faces, 
particularly in a healthcare context where life-saving interventions take place. First, gaining 
ethics approval can be a protracted and time-consuming process. Access to the clinical 
space can be challenging, particularly for research purposes. There are legal 
considerations of trialing interventions that can be prohibitive for summative evaluations. 
Finally, as with any applied research, there is the trade-off between fidelity and 
experimental control. Despite these challenges, embedded research has the potential to 
have direct impact on policy and practice, and makes the translation of research into 
practice a tangible reality. 
There are some constraints to this research that reflect the inherent challenges of 
embedded research. Testing in clinical environments meant that simulations were 
vulnerable to cancellation if those areas were needed for clinical events. There were 
challenges to accessing equipment for testing, which meant that although simulation 
sessions were planned ahead of time, they had a high likelihood of being cancelled due to 
higher priorities (i.e., patient care). As a consequence of an ad-hoc testing schedule, and 
the extremely limited availability of neonatal resuscitation teams in such a busy tertiary 
hospital, the simulation testing was conducted with smaller teams than would usually 
attend, especially for an advanced resuscitation. The smaller team sizes meant that the 
resuscitation record form was not adequately tested in the simulations. Additionally, the 
team structure did not really reflect clinical reality, in that relatively junior registrars were 
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leading an advanced resuscitation where they would normally be assisting, or at least be 
supervised by a consultant. As the participants were essentially recruited through 
convenience sampling, this compromised the diversity of participants. These kinds of 
constraints led to compromises in the plan for evaluation of the prototypes.  
Directions for future researchAlthough a summative evaluation was beyond the scope of 
this program of research, future research could investigate how the prototypes perform in 
a variety of resuscitation scenarios. For example, it is important to test whether the 
prototypes are robust in special-case resuscitations, where teams are required to deviate 
from pattern of a normative resuscitation. I would also like to see how the prototypes fare 
with very experienced versus inexperienced team members. Finally, future research could 
quantify the advantage having a standardised equipment layout, as measured by time to 
set-up, and time to transition between procedures. It is clear that further evaluation of the 
prototypes is necessary before they can be confidently introduced into the clinical 
environment.  
My observations in the training and clinical environments were informal and 
unstructured. Consequently, design decisions stemming from the observations were 
subjective, and my understanding of clinical context was limited as a non-medically trained 
observer. However, my insights into process and behaviour were informed by my training 
as a cognitive psychologist.  
One potential limitation of the interviews was that I did not have an inter-rater for 
reliability of the thematic analysis, so this was again subject to my interpretation. However, 
with clear coding categories, results can be interpreted by an individual and still be 
methodologically sound.91  
Finally, this design process has produced a novel solution to the teamwork 
challenges of the teams studied in this research. Testing has been limited to the context of 
the teams at Mater, with their specific processes and specific equipment trolley. However, 
processes are reasonably standardised across hospitals, so although the prototypes were 
developed to fit specific manufacturer’s equipment, with modifications to fit other 
equipment models they are likely to be useful in other hospitals. The NeoReadyTM solution 
may also allow other latent issues that hinder teamwork to emerge. 
Summary of research 
In this program of research, I highlighted the importance of adhering to human factors 
design principles in the context of five versions of the neonatal resuscitation algorithm. I 
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challenged the perception that cognitive aids are “just” checklists, and show that they can 
(and should) support the broader cognitive system. 36 Ideally, other designers will take a 
more systematic approach cognitive aid design, and consider the whole cognitive system.  
I also highlighted the importance of team co-ordination, and demonstrated how it can 
directly affect the experience of babies during intubation. I challenged the status quo of 
intubation performance, showing that how the team coordinates to minimise time without 
ventilation for the patient is more important than the individual clinician’s skill and the 
duration of their attempt.  
Finally, I took a systematic approach to understanding the challenges to team co-
ordination during neonatal resuscitation, and then employed an interaction design 
approach to creating a novel and targeted intervention to support team co-ordination. The 
process can be applied to any other domain where there is a need to understand 
teamwork goals and challenges with a view to improving performance through design. 
Quality improvement is about proactively identifying opportunities to improve patient 
safety through the more effective use of design. Design is key for delivering safer 
products, processes, services and environments for healthcare. 92 Many healthcare teams 
are still struggling with equipment or cognitive aids that are poorly designed, or have been 
borrowed or adapted from other healthcare teams with different requirements. The design 
approach and subsequent outcome provides a template for policy makers, researchers, 
designers, and anyone else invested in proactively seeking patient safety through quality 
improvement.  
Conclusion 
The purpose of this program of research was to improve teamwork during neonatal 
resuscitation. Teamwork models from other domains that share similar characteristics can 
provide a useful framework for understanding team requirements; however, teamwork 
interventions should be tailored to meet the specific needs of the team, the task, and their 
environment. Cognitive aids have the potential to support team co-ordination, particularly 
during complex and time-pressured tasks such as neonatal resuscitation. However, 
cognitive aids require a thorough empirical design approach that takes into account the 
requirements of the broader cognitive system. In this project I present the NeoReadyTM; a 
novel, 4-part cognitive system aid that emerged from a user-centred design process. At 
each stage of the design cycle, user interaction and feedback guided the evolution of the 
prototypes.  
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Historically, equipment was hand-made by biomedical staff, and adapted to fit 
requirements, so equipment originally evolved from a user-centred design approach.93 
Equipment is now manufactured according to standards and some types of equipment 
need to be approved by regulatory agencies. This shift has been crucial for standardisation 
and safety, but has also resulted in a move away from an inter-disciplinary, user-centred 
design process.86  
We think with our minds, and with the tools and artefacts in our environment. As each 
team member’s mental model of the resuscitation expands to incorporate the physical 
artefacts, they become an extension of their cognitive processes. In healthcare especially, 
we need to harness the full scope of the cognitive system, and provide as much support as 
we can for co-ordinated team action.  
User-centred design with rapid-prototyping may be of advantage to hospital 
administrators for rapid, low-cost quality improvement, and also for healthcare teams that 
require interventions designed specifically for the demands of their clinical environment.   
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Abstract  
Objective: The International Liaison Committee on Resuscitation (ILCOR) provides 
recommendations on neonatal resuscitation training and practice, which includes a 
template for a decision-making algorithm. We evaluated the design properties of the 
ILCOR algorithm and four adaptations by member resuscitation organizations using the 
validated Cognitive Aids in Medicine Assessment Tool (CMAT).   
Method: Two experts rated five neonatal resuscitation algorithms against the CMAT and 
against medical device design criteria.    
Results: The ILCOR algorithm scored 32 of a possible 60 CMAT points, showing an 
adherence rate to CMAT of 53%. The ILCOR algorithm scored higher than the design 
variations by member organizations. Nonetheless, there are design limitations in the 
ILCOR algorithm.   
Conclusion: In principle, cognitive aids can improve neonatal resuscitation team 
performance; however, a considered design process that incorporates the full complexity 
of the ‘procedure as performed’ is needed to improve future versions of the algorithm for 
incorporation in international guidelines.   
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Introduction  
Neonatal resuscitation is a complex procedure that requires a high degree of 
synchronization between team members. Only three percent of newborn babies will 
require ventilation support, and less than one percent of newborn babies will require 
advanced resuscitation.1 Consequently, neonatal resuscitation is defined as a high acuity, 
low occurrence (HALO) task.2, 3 Tools that support working memory are particularly useful 
during time pressured HALO tasks.4, 5 The International Liaison Committee on 
Resuscitation (ILCOR) provides a consensus of the science of resuscitation with treatment 
recommendations for neonatal resuscitation. These include a template neonatal 
resuscitation algorithm1 that summarizes the key decision and action steps during a 
resuscitation. As expected, several ILCOR member organizations have developed 
variations of the standard ILCOR template for incorporation in their guidelines. In this 
paper, we use the previously validated Cognitive aids in Medicine Assessment Tool 
(CMAT)6 and Marshall’s7 cognitive aid design criteria developed from medical device 
design standards8 to evaluate the ILCOR algorithm. We will also evaluate four English 
language variations of the ILCOR algorithm that have been derived by resuscitation 
organizations.  
Preserving knowledge and skills is an ongoing challenge in HALO tasks, as there is a 
lack of repeated clinical practice. Clinicians’ knowledge and skills have been shown to 
deteriorate 6-8 months after completing simulation-based neonatal resuscitation training, 
even with additional booster training sessions at 3-5 months after the initial training.9 The 
Crisis Resource Management (CRM) teamwork model used in various high-acuity 
healthcare domains, such as anesthesia, lists the use of cognitive aids as one of the key 
components of effective emergency management.10 The American Heart Association and 
American Academy of Pediatrics’ Neonatal Resuscitation Program (NRP)11 is one of the 
most widely used training programs and, as with many other training programs, NRP is 
based on the CRM framework. The 10 CRM key points emphasized in NRP reflect the 11 
CRM key points used in anesthesia, but they omit the requirement to use cognitive aids.12 
The use of cognitive aids is not included in the CRM key points in NRP, however, NRP 
training materials include a variation of the ILCOR algorithm.13 The deterioration of 
clinicians’ knowledge and skills may be attenuated by the use of prompts, such as prompts 
based in the neonatal resuscitation algorithm. Providing an algorithm may enhance recall 
and may reduce the need for more time- and resource-intensive ways of reinforcing 
knowledge and skills.   
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In addition to improving technical skills, cognitive aids can also support cognitive 
processes such as attention and working memory, and they can promote situation 
awareness. Improving cognitive processes has been shown to improve the team’s 
communication and coordination processes.14 However, little attention is paid to the design 
of cognitive aids during their creation and poor design may contribute to an aid not being 
used. Even worse, poor design of cognitive aids could induce clinicians to perform 
incorrect tasks, or to follow incorrect treatment pathways7, 15   
To be of any value during an emergency, a cognitive aid must be well designed. 
Marshall emphasizes four key criteria that a cognitive aid should meet based on standards 
for design of medical devices8; (1) its content should reflect best practice guidelines, (2) its 
design should be appropriate for the context of an emergency, (3) it should be a familiar 
format that has been used in training, and (4) it should support team co-ordination.7 To 
date, there is minimal, low quality evidence for the use of a specific decision support tool 
during neonatal resuscitation.16, Bould and colleagues17 evaluated performance both with 
and without the algorithm prompt. Both groups failed to correctly complete the key steps 
outlined on the support tool, and participants provided with an algorithm used it 
infrequently. According to Marshall’s guidelines, it is unsurprising that the intervention was 
unsuccessful, as the algorithm (1) bore little resemblance to the ILCOR algorithm and 
therefore did not reflect consensus guidelines, (2) did not contain key dose information, (3) 
had not been seen by participants prior to use, and (4) did not provide any additional 
support for teamwork.   
More recently, Fuerch and colleagues18 adapted the NRP algorithm to a tablet 
application and found that clinicians adhered more to the NRP algorithm, and were less 
likely to perform unnecessary clinical procedures. Fuerch and colleagues’ intervention 
more closely adhered to Marshall’s7 criteria, in that it (1) was based on the NRP algorithm 
that reflects ILCOR’s recommendations, (2) provided key information and prompts 
according to the patient’s physiology, (3) resembled the algorithm that had been used 
during training, and (4) provided ‘eyes-free’ (auditory) prompts, that updated according to 
the changing situation and therefore promoted better situation awareness. Fuerch and 
colleagues’ study confirmed that visual and auditory prompts are better than no aid, but 
provided no information about the usability of the standard (paper) algorithm.   
Both Bould’s17 and Fuerch’s18 results highlight the importance of adhering to human 
factors design principles. ILCOR’s objective is to achieve international consensus on 
important issues related to resuscitation. In keeping with expectations, at least five of the 
seven member organizations have developed their own version of the ILCOR neonatal 
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resuscitation algorithm. Our central research question was whether the standard paper-
based version of the ILCOR algorithm design would adhere to the human factors principles 
outlined in the CMAT guidelines, and whether the design variations by member 
organizations affect the usability score of the algorithm.  Our analysis is primarily based on 
CMAT as a validated tool to provide quantitative analysis. In the discussion, we also use 
Marshall’s7 criteria to provide a qualitative evaluation of the algorithms. In the present 
study, we evaluated 5 different neonatal algorithm designs against the 43 attributes of 
CMAT.  
   72 
Method 
Background and description of CMAT   
The CMAT is based on the UK Civil Aviation Authority’s Checklist Assessment Tool 
(CHAT), which is used to evaluate the content and usability of emergency drills. 
Regulators, manufacturers, and operators are advised to review their checklists against 
CHAT’s design criteria. In aviation, CHAT helps analysts evaluate checklists on 73 
attributes across three domains: (1) physical characteristics, (2) content, and (3) layout 
and format.19 In medicine, CMAT helps analysts evaluate 43 attributes across the same 
three domains, with 21 of the attributes direct replications from CHAT, and 22 items 
modified to the medical equivalent of the original aviation context (see Table 1). 
Convergent validity has been established by Evans et al. who rank ordered tools based on 
CMAT scores and compared ranks to an overall impression score.6  
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Table 1. CMAT criteria.1 
 
Table 1 (continued). CMAT criteria.1 
No. TITLE ATTRIBUTE
Domain 1 physical characteristics
1.01 Document size Is the size of the document appropriate to the space available?
1.02 Tabs and dividers Are any tabs that are used clearly identified?
1.03 Font type Does the font type used provide clear differentiation between characters?
1.04 Print size Are the action points legible at arms’ length?
1.05 Margins Can you use your thumb as a cursor to keep track of progress through the cognitive aid?
1.06 Margins Are all steps aligned to left?
1.07 Contrast and colour Has black text on a white or yellow background been used? Alert cues may be coloured
1.08 Contrast and colour Where colour shading has been used to discriminate actions or notes, is there sufficient contrast between the text and background?
1.09 Numbering Are page numbers clearly identified?
1.10 Numbering Are actions consecutively numbered?
Domain	2	content
2.01 Structure Has the number of action items been minimised to take account of time available to complete the cognitive aid?
2.02 Title Does the cognitive aid have a title?
2.03 Title Does the title fully reflect the failure condition?
2.04 Failure condition Does the cognitive aid contain a description of the failure condition(s)?
2.05 Objective Does the cognitive aid contain an objective?
2.06 Memory items Are any memory items used listed at the beginning of the cognitive aid?
2.07 Memory items Are any memory items clearly distinguished from the other action items?
2.08 Memory items If used, are there six or fewer memory items?
2.09 Cautionary notes Are any cautionary notes clearly discriminated?
2.10 Cautionary notes Are any cautionary notes printed above the action item to which they relate?
2.11 Action items Are any action items used distinguishable from the text?
2.12 Action items Are the ‘read’ and ‘do’ items clearly linked?
2.13 Action items Are any critical items discriminated?
2.14 Action items Where appropriate, does the procedure explicitly state who is responsible for specific actions?
2.15 Explanatory notes Are any explanatory notes clearly distinguished from action items?
2.16 Explanatory notes Are those notes linked to the action item to which they relate?
2.17 Decision items Are conditional steps clearly laid out?
2.18 Review of system status Is a review of the clinical situation provided?
2.19 Deferred items Is the presence or absence of deferred items clearly identified and necessary actions described?
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Domain	3	layout	and	format
3.01 Cognitive aids per page If the cognitive aid runs onto a second page, is it split at a logical place?
3.02 Start and finish Does the cognitive aid have a clearly defined start?
3.03 Start and finish Does the cognitive aid have a defined end?
3.04 Start and finish Are the ‘end of xxx’ indications provided in every place where the cognitive aid can be completed?
3.05 Continuation pages Is it clear when the cognitive aid continues on to another page?
3.06 Order Does the order of the action items ensure return to a safe state at the earliest opportunity?
3.07 Cross-referencing Is cross-referencing minimised?
3.08 Cross-referencing Where there is cross-referencing to other material is it appropriately signposted?
3.09 Figures and tables Are any figures or tables clearly linked to the cognitive aid with which they are associated?
3.10 Figures and tables Are the figures legible and usable?
3.11 Abbreviations and 
consistency
Do all captions and labels used in the cognitive aid correspond exactly to the words used in the clinical environment?
3.12 Abbreviations and 
consistency
Does the cognitive aid include a statement of currency (i.e. is it in date)
3.13 Abbreviations and 
consistency
Can the cognitive aid be made site-specific?
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Procedure  
The algorithm review was conducted by two of the four authors: SM, an anesthetist and 
human factors expert in simulation and cognitive aids, and MM, a cognitive psychologist 
with two years’ experience in neonatal resuscitation research.  Author MM searched each 
of the ILCOR member organizations websites and did a Google search for English 
variations on the 2015 ILCOR algorithm. In addition to the official ILCOR algorithm,1 
variations of the algorithm were found online for five of the seven member organizations, 
including the American Heart Association and American Academy of Pediatrics 
(AHA/AAP), 20 the European Resuscitation Council (ERC),21 the Resuscitation Council of 
South Africa (RSCA),22 and the Australian and New Zealand Committee on Resuscitation 
(ANZCOR).23 The Heart and Stroke Foundation of Canada (HSCF) advised that they use 
the same algorithm as the AHA/AAP, and the Resuscitation Council of Asia (RCA) and the 
InterAmerican Heart Foundation (IAHF) algorithms were not found online, and attempts to 
contact these two organizations were unsuccessful. The five algorithms are presented in 
Figure 1. 
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(a) ILCOR (b) ANZCOR 
Figure 1. Neonatal resuscitation algorithms (a) the ILCOR algorithm, and variations by (b) ANZCOR, (c) AHA, (d) ERC, and (e) RCSA.  
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(c) AHA (d) ERC 
Figure 1 (cont). Neonatal resuscitation algorithms (a) the ILCOR algorithm, and variations by (b) ANZCOR, (c) AHA, (d) ERC, and (e) RCSA. 
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(e) RCSA 
Figure 1 (cont). Neonatal resuscitation algorithms (a) the ILCOR algorithm, and variations by (b) ANZCOR, (c) AHA, (d) ERC, and (e) RCSA. 
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Assessment procedure  
Our approach was a modified Delphi technique. In the first round, both reviewers rated 
each algorithm independently, using the CMAT attributes. Our scoring system was 
consistent with that of Evans and colleagues6 with a score of 2 for complete adherence to 
the attribute described, a score of 1 for partial adherence to the attribute described, and a 
score of 0 for failure to adhere to the attribute at all. Items that were deemed inappropriate 
for the algorithm were scored ‘not applicable’. The maximum score an algorithm could 
achieve was therefore twice the number of applicable attributes. In the second round, 
individual interpretation of each attribute was discussed until consensus was reached for 
scores on all items. Inter-rater reliability of the first round was calculated using Cohen’s 
kappa coefficient. After consensus was reached in the second round, the total score for 
each algorithm was calculated and divided by the total number of applicable attributes to 
give a percentage adherence to CMAT.  
Results  
Cohen’s kappa and 95% Confidence intervals were calculated using Microsoft® Excel® 
for Mac 2011, Version 14.6.2. Inter-rater reliability of two raters each scoring five 
algorithms in the first Delphi round ranged from fair to good, as shown in Table 2.  
 
Table 2. Inter-rater agreement in the first round for the ILCOR neonatal resuscitation 
algorithm, and four adaptations by resuscitation organisations as measured by Cohen's 
kappa and 95% confidence intervals. 
Algorithm  Cohen’s kappa (95% CI) Inter-rater agreement 
ILCOR 0.46 (0.26, 0.66) Moderate 
ANZCOR 0.41 (0.21, 0.60) Moderate 
AHA 0.47 (0.27, 0.66) Moderate 
ERC 0.31 (0.11, 0.51) Fair 
RCSA 0.62 (0.44, 0.80) Good 
 
During the second Delphi round, conferral and agreement about scores was reached. 
Of 43 CMAT attributes, 30 items were rated applicable scoring items for the ILCOR 
algorithm, and 31 items were rated applicable to the other four algorithms. The single item 
not applicable to ILCOR was “use of color shading’ (item 1.09), however this item was 
applicable to the other algorithms.   
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The ILCOR algorithm adherence to the CMAT attributes was 53%. The remaining 
algorithms reflected similarly moderate scores: ERC (48%), ANZCOR (45%), AHA/AAP 
(42%), and RCSA (39%). The score for each algorithm and adherence to CMAT attributes 
is presented in Table 3.  
 
Table 3. Final round CMAT scores for each version of the neonatal resuscitation algorithm. 
Algorithm  Applicable 
attributes 
Score CMAT 
adherence 
ILCOR 30 32/60 53% 
ANZCOR 31 28/62 45% 
AHA 31 26/62 42% 
ERC 31 30/62 48% 
RCSA 31 24/62 39% 
 
Discussion  
The purpose of the CMAT is to evaluate medical cognitive aids according to human factors 
design principles. The ILCOR algorithm template achieved only moderate adherence to 
CMAT; and the ILCOR algorithm scored only slightly higher than the four other versions 
that were developed by member resuscitation organizations. Despite this, the purpose of 
ILCOR is to provide a consensus on best practice guidelines for the principal resuscitation 
organizations worldwide. The present analysis suggests the need for greater consideration 
to human factors design principles when adapting the ILCOR template.  
Marshall’s7 first criterion for the design of cognitive aids is that the content should 
reflect best practice guidelines. All five algorithms are based on ILCOR recommendations, 
and therefore all fulfill the criterion. The ILCOR recommendations are designed to be 
adapted to local contexts, taking into account patient population, and resources. CMAT 
attributes score content-related attributes such as clearly linking explanatory notes to the 
corresponding action item. However, CMAT attributes only score the visual presentation of 
information, not the appropriateness of the content. Although the content of the five 
algorithms accurately reflect the treatment recommendations provided by ILCOR, 
according to CMAT criteria the presentation of content needs to be better configured to 
ensure that the information is accessible, particularly during an emergency.   
All empirical evaluations of decision support tools (including representations of 
algorithms) in neonatal resuscitation16 have measured clinicians’ adherence to the 
   81 
algorithm; therefore, the evaluations only inform how well the tool is followed, not whether 
it improves team performance and not whether it improves patient outcomes. The 
algorithm represents a normative approach, and therefore only demonstrates that the 
support tool is effective when resuscitations go according to the contingencies represented 
in the algorithm. Congenital abnormalities and co-morbidities may mean it is inappropriate 
to follow the algorithm, and it may even be harmful. For example, babies born extremely 
pre-term, or after birth complications are most likely to require advanced resuscitation, yet 
all five algorithms prioritize advice that is most appropriate for a baby who has initial signs 
of respiratory distress and who then deteriorates or fails to improve over time. A clinician 
following the algorithm would not provide life-saving intubation, chest compressions, or 
adrenaline to an extremely depressed, near stillborn baby until face mask ventilation had 
been applied, evaluated for effectiveness, corrective maneuvers performed, then 
evaluated again. Furthermore, the algorithm does not provide prompts for specific 
equipment needs, such as laryngoscope blade and endotracheal tube sizes required by 
extremely low birth weight infants. This information is arguably the type of information that 
may be most useful to display, as it may be difficult to remember in a stressful situation.  
Marshall’s7 second criterion for cognitive aid design states that the tool should be 
appropriate for emergency use. One of the central design limitations of the algorithm is 
that the decision pathway is branched, not linear. CMAT scores are higher for a linear 
design, and there is also a demonstrated performance advantage of a linear design over a 
branched design in anesthesia emergency aids.14 Adhering to this design criterion is 
inherently difficult in the neonatal resuscitation setting.  In other age groups, resuscitation 
typically refers to immediate procedures in a lifeless or rapidly deteriorating patient.  In the 
newborn, the vast majority of infants who receive “resuscitation” maneuvers are far from 
lifeless at birth but (because of problems such as prematurity, congenital anomalies, 
illness or complications of labor) do need assistance navigating the dramatic and complex 
change in function of nearly every organ or tissue in the body that takes place during the 
transition from intrauterine to extrauterine life. Therefore, there is a strong need for branch-
points that direct the team to use supportive care where the linear pathway would be 
unnecessary and potentially very hazardous in a fragile newborn. The ERC may come 
closest to reflecting this by titling the guidelines in which theirs are embedded 
“Resuscitation and support of transition of babies at birth”. Even so, the ERC algorithm is 
alone in adhering to a linear design and omitting branch points for babies whose perinatal 
transition is improving.   
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The CMAT analysis highlighted other design issues with some of the algorithms that 
may be problematic during an emergency, including poor use of color contrast, word 
crowding and small font, and recommending antenatal counseling at the start of an 
emergency procedure (ERC & AHA/AAP algorithms). The final step of heart rate 
assessment and IV epinephrine is an infinite loop on all algorithms (except ERC) that fails 
to incorporate chest compressions, or state an end point to the resuscitation. However, 
even though it has no loop, the ERC algorithm does not make any provision for repeated 
administration of epinephrine or for administration of fluid in the occasional instance of 
baby who has bled.  Another concern with the ERC algorithm is that it describes the 
administration of 5 “inflation breaths” which can be repeated once, but there is no definite 
instruction for ongoing ventilation and how it should be provided.   
Marshall’s7 third criterion states that the format should be similar to the tool used 
during training. Each of the resuscitation organizations has produced their algorithms for 
use during training; therefore, each algorithm reflects resuscitation training content and 
materials for each region. The AHA/AAP algorithm is taught during NRP training, the 
ANZCOR algorithm is included in NeoResus® and other regional training, the ERC 
algorithm is included in Newborn Life Support (NLS) and other regional training, and the 
RCSA algorithm is taught during Advanced Neonatal Life Support (ANLS) and other 
regional training.   
Finally, Marshall’s7 fourth criterion is that the cognitive aid should support team co-
ordination. The AHA/AAP and ERC algorithms commence with an action step of team 
briefing and equipment check. The various resuscitation council guidelines that 
accompany the algorithms all emphasize the need for team co-ordination, and national 
training programs all include training specific to teamwork. However, the algorithms are 
designed for technical guidance, and provide no explicit direction for team co-ordination. A 
minimum of two skilled clinicians is required to provide more than the initial steps of 
neonatal resuscitation, and each have different functional steps to perform. None of the 
algorithms scored points on the CMAT attribute of explicitly stating who is responsible for 
specific actions. Cognitive aids for neonatal resuscitation should not only support technical 
steps, but also help teams ensure that the steps are carried out with seamless co-
ordination.  
There are several limitations to the use of CMAT and our investigation. First, 
although the content of the aid reflects consensus guidelines, the design of the aid does 
not take into account the context of the clinical environment. Poor usability is a 
consequence of support tools that are designed for ‘work as imagined’ instead of ‘work as 
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done’.24 There is a range of techniques employed by human factors and cognitive systems 
engineers to ensure that design will improve patient safety and patient care. Cognitive task 
analysis can be used to uncover the strategies and decisions that characterize effective 
performance during both routine and non-routine procedures.25 By understanding the 
strategies and key decision throughout a procedure, decision aids can be designed to 
support the performance resilience of neonatal resuscitation teams as they encounter the 
inevitable variability of clinical practice.   
Second, the level of inter-rater reliability was not high. However, the level found is 
representative of prior uses of CMAT. For example, Evans and colleagues6 rated seven 
difficult airway cognitive aids, and three non-anesthetic cognitive aids with CMAT, and 
found fair to high inter-rater reliability and moderate to high internal consistency.   
Third, although the CMAT name implies that it is suitable for all types of cognitive 
aids, it is derived from CHAT, which was specifically designed for evaluating checklists in 
aviation. Therefore, applying CMAT to non-checklists, such as the ILCOR decision 
algorithm, may compromise its validity. Furthermore, neonatal resuscitation has different 
features and characteristics to anesthesia and obstetrics contexts that the CMAT tool was 
validated in. Although the CMAT tool may provide a reliable and valid evaluation of 
checklists, other cognitive aids have different applications, and therefore different usability 
requirements. However, there are no previously validated tools that are specific to 
algorithms that we can use, and the psychometric value of CMAT was originally 
established using a variety of cognitive aids. Future research could focus on the 
development of a tool with weighted attributes, which may better reflect the impact of 
design decisions or design compromises. It would also be useful to determine to what 
extent the CMAT attributes apply to, and have meaningful consequences for, an 
emergency aid compared to an educational or supplemental aid.   
Overall, our analysis highlights the need for a user-centered design process with 
empirical evaluation throughout the process to ensure appropriate functionality and to 
reduce the risk of unintended consequences. In principle, cognitive aids are a promising 
addition for teams performing neonatal resuscitation. However, this requires a considered 
design process that incorporates a clear investigation of the requirements and constraints 
surrounding teams in a highly variable, HALO context. Future versions of the algorithm 
should reflect a thorough analysis of the cognitive processes that teams use during 
neonatal resuscitation, with evidence for the algorithm’s usability during both normative 
and non-normative resuscitations.   
   84 
Acknowledgments  
An Australian Postgraduate Award and a Mater Research Institute top-up scholarship to 
Mia McLanders supported this research.  
Conflict of interest statement  
This research was supported by an Australian Postgraduate Award and a Mater Research 
Institute top-up scholarship to author Mia McLanders. Author Associate Professor Helen 
Liley wishes to declare co-authorship of both the ILCOR and ANZCOR algorithms. The 
authors have no other actual or potential conflicts of interest to declare.  
 
   85 
References  
1.Perlman JM, Wyllie J, Kattwinkel J, Wyckoff MH, Aziz K, Guinsburg R, et al. Part 7: 
Neonatal resuscitation 2015 international consensus on cardiopulmonary 
resuscitation and emergency cardiovascular care science with treatment 
recommendations. Circulation 2015, 132(16 suppl 1): S204-S241.  
2.Chiniara G, Cole G, Brisbin K, Huffman D, Cragg B, Lamacchia M, et al. Simulation in 
healthcare: a taxonomy and a conceptual framework for instructional design and 
media selection. Medical teacher 2013, 35(8): e1380-e1395.  
3.Halamek LP. The simulated delivery-room environment as the future modality for 
acquiring and maintaining skills in fetal and neonatal resuscitation. Semin Fetal 
Neonat Med 2008, 13(6): 448-453.  
4.Gaba DM. Perioperative cognitive aids in anesthesia: what, who, how, and why bother? 
Anesth Analg 2013, 117(5): 1033-1036.  
5.Sintchenko V, Coiera EW. Which clinical decisions benefit from automation? A task 
complexity approach. Int J Med Inform 2003, 70(2): 309-316.  
6.Evans D, McCahon R, Barley M, Norris A, Khajuria A, Moppett I. Cognitive aids in 
medicine assessment tool (CMAT): preliminary validation of a novel tool for the 
assessment of emergency cognitive aids. Anaesthesia 2015, 70(8): 922-932.  
7.Marshall S. The use of cognitive aids during emergencies in anesthesia: a review of the 
literature. Anesth Analg 2013, 117(5): 1162-1171.  
8.American National Standards Institute/Association for the Advancement of Medical 
Instrumentation. HE74:2001 Human factors design process for medical devices. 
Arlington, VA: Association for the Advancement of Medical Instrumentation; 2001.  
9.Kaczorowski J, Levitt C, Hammond M, Outerbridge E, Grad R, Rothman A, et al. 
Retention of neonatal resuscitation skills and knowledge: a randomized controlled 
trial. FAMILY MEDICINE-KANSAS CITY- 1998, 30: 705-711.  
10.Goldhaber-Fiebert SN, Howard SK. Implementing emergency manuals: Can cognitive 
aids help translate best practices for patient care during acute events? Anesth 
Analg 2013, 117(5): 1149-1161.  
11.Textbook of Neonatal Resuscitation (NRP), 7th Ed:. In: Zaichkin GMWJ, editor.: 
American Academy of Pediatrics; 2016. p. 328.  
12.Howard SK CL, Goldhaber-Fiebert SN, Gaba DM, Harrison TK. Emergency Manual: 
Cognitive aids for perioperative critical events., 2 edn. Stanford Anesthesia 
Cognitive Aid Group, 2014.  
   86 
13.Pediatrics AAo, Association AH. NRP Neonatal Resuscitation Textbook 6th Edition 
(English version). AAP Books 2011.  
14.Marshall SD, Sanderson P, McIntosh CA, Kolawole H. The effect of two cognitive aid 
designs on team functioning during intra-operative anaphylaxis emergencies: a 
multi-centre simulation study. Anaesthesia 2016, 71(4): 389-404.  
15.Nelson K, Shilkofski N, Haggerty J, Vera K, Saliski M, Hunt E. Cognitive aids do not 
prompt initiation of cardiopulmonary resuscitation in simulated pediatric 
cardiopulmonary arrest: Research abstract: 15. Simulation in Healthcare 2007, 2(1): 
54.  
16.Dempsey E, Pammi M, Ryan A, Barrington K. Standardised formal resuscitation 
training programmes for reducing mortality and morbidity in newborn infants. The 
Cochrane database of systematic reviews 2015, 9: CD009106.  
17.Bould MD, Hayter MA, Campbell DM, Chandra DB, Joo HS, Naik VN. Cognitive aid for 
neonatal resuscitation: a prospective single-blinded randomized controlled trial. 
British Journal of Anaesthesia 2009, 103(4): 570-575.  
18.Fuerch JH, Yamada NK, Coelho PR, Lee HC, Halamek LP. Impact of a novel decision 
support tool on adherence to neonatal resuscitation program algorithm. 
Resuscitation 2015, 88: 52-56.  
19.Guidance on the design presentation and use of emergency and abnormal checklists. 
Safety Regulation Group, Civil Aviation Authority UK, 2006.  
20.Wyckoff MH, Aziz K, Escobedo MB, Kapadia VS, Kattwinkel J, Perlman JM, et al. Part 
13: Neonatal resuscitation 2015 american heart association guidelines update for 
cardiopulmonary resuscitation and emergency cardiovascular care. Circulation 
2015, 132(18 suppl 2): S543-S560.  
21.Wyllie J, Bruinenberg J, Roehr CC, Rüdiger M, Trevisanuto D, Urlesberger B. 
European resuscitation council guidelines for resuscitation 2015: Section 7. 
Resuscitation and support of transition of babies at birth. Resuscitation 2015, 
95(October): 249-263.  
22.Newborn Resuscitation Algorithm 2015  Available from: 
http://www.resuscitationcouncil.co.za/newborn-resuscitation-algorithm  
23.ANZCOR Neonatal Flowchart.  January 2016:[Available from: 
http://resus.org.au/guidelines/flowcharts-3/  
24.Blandford A, Furniss D, Vincent C. Patient safety and interactive medical devices: 
Realigning work as imagined and work as done. Clinical Risk 2014.  
   87 
25.Tofel-Grehl C, Feldon DF. Cognitive task analysis–based training a meta-analysis of 
studies. Journal of Cognitive Engineering and Decision Making 2013, 7(3): 293-304.  
 
   88 
Paper 2 
Nadler, I., *McLanders, M., Sanderson, P., & Liley, H. (2016). Time without ventilation 
during intubation in neonates as a patient-centred measure of 
performance. Resuscitation, 105, 41-44. DOI:10.1016/j.resuscitation.2016.04.016 * co-
first author 
   89 
Time without Ventilation during Intubation in Neonates as a Patient-Centred 
Measure of Performance  
  
Dr. Izhak Nadlera *  
Mia McLandersb *  
Professor Penelope Sandersona,b,c  
Dr. Helen Lileyc,d  
  
aSchool of Information Technology and Electrical Engineering (ITEE)   
bSchool of Psychology  
cSchool of Medicine  
The University of Queensland  
St Lucia, QLD 4072  
Australia  
  
dMater Mothers’ Hospital  
South Brisbane, Qld 4101  
Australia  
  
*Joint first authors  
  
Corresponding author:   
Mia McLanders  
School of Psychology  
McElwain Building  
The University of Queensland  
St Lucia, QLD 4072  
Australia  
m.mclanders@uq.edu.au  
+ 61 417 781 195  
   90 
Abstract  
Aims: Time without ventilation is often much longer than an intubation attempt, yet patient 
stability relies on effective gas exchange. We argue that in addition to existing 
performance criteria, intubation performance measures should include interruption to 
effective ventilation.  
Methods: We reviewed video recorded resuscitations of 31 term and preterm newborns 
that included at least one intubation attempt. Time stamps were recorded at the end of 
mask ventilation, laryngoscope insertion and removal (laryngoscope duration), and re-
commencement of ventilation via mask or endotracheal tube (ETT). Intubation attempts 
were defined as Successful (subsequent ventilation via ETT), or Failed (ETT incorrectly 
placed) or Withdrawn (laryngoscope removed before ETT insertion attempt).    
Results: During intubation, total time without ventilation varied from 31–273 seconds, 
compared to laryngoscope duration of 12–149 sec. Time without ventilation as Median 
[min–max] was greater for failed attempts 64 [48–273], yet laryngoscope duration was 
shortest for failed attempts 33 [21–46]. Time between ceasing ventilation and commencing 
intubation was 5 [1–46] suggesting room for improvement during transitions within the 
procedure.  
Conclusions: Time without ventilation is a more physiologically important measure of a 
resuscitation team’s intubation expertise than laryngoscope duration. Since successful 
attempts took longer than failed attempts, emphasising haste during vocal cord 
visualisation and tube insertion may reduce success rates. Reducing the time without 
ventilation at either end of the procedure may be achievable with better team coordination 
and could be just as important to patient wellbeing as technical precision.  
  
Keywords  
Endotracheal Intubation; Teamwork; Neonatal Resuscitation; Neonate; Team co-
ordination.  
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Introduction   
Endotracheal intubation can be one of the most difficult procedures during neonatal 
resuscitation. It is usually performed to improve how effectively the lungs are ventilated, 
which can be critical to effective resuscitation.1, 2 There is no standard definition of 
intubation competence.3-5 Previous studies have focused on two measures of intubation 
performance: (1) laryngoscopy duration from blade insertion to blade removal, and (2) 
intubation success (correct endotracheal tube (ETT) placement as a proportion of all 
attempts).6, 7 We propose that these measures incompletely characterise intubation 
performance, because they do not address other potentially critical delays in providing 
ventilation.   
Neonates are at risk of physiological deterioration during intubation, with increasing 
risk of bradycardia and desaturation with increasing duration of the attempt,5, 6, 8 so 
timeliness and precision are critical. The time from laryngoscope blade insertion to 
removal is frequently longer in duration6, 7, 9 than the 20 seconds recommended in earlier 
resuscitation guidelines,10 although attempts that exceed 40 seconds have been 
associated with increased complications.11 In previous studies, the correct placement of an 
ETT occurred on approximately half of observed attempts, and even less often for 
inexperienced clinicians. Considerable experience is required to perform intubations 
successfully,4, 5, 7, 12, 13 where observed success rates have been as low as 25% for pediatric 
interns,7 and depending on experience, 24% – 63% for pediatric residents,5-7, 13 43% –78% 
for neonatal fellows,5-7, 13 and 86% for neonatal consultants.6 Extremely low birth weight 
infants are at high risk of needing intubation, and among them, failed attempts at 
intubation are especially common and are associated with increased risks including 
adverse neurodevelopmental outcome.14 Collectively, evidence to date highlights the 
technical difficulty of intubation, compounded by limited opportunities for practice,3, 13 and 
the need to improve processes for the well-being of the neonate.   
We propose that previous research has focused on the technical skills of the person 
performing the intubation, whereas well-performed intubation also requires good 
teamwork. The complexity of the procedure requires one person to intubate and at least 
one assistant whose roles include final preparation and presentation of equipment, 
monitoring the patient physiology, assisting with re-commencement of ventilation and 
securing the ETT once in place.10 Moreover, recognizing whether an ETT is correctly 
placed can be difficult. Even after the airway is stabilized, the more depressed the baby, 
the slower the improvement in oxygenation and heart rate is likely to be. When the initial 
   92 
response is unsatisfactory, a decision must be made as to whether to persist with 
ventilation, perhaps adjusting pressures and oxygen, or to extubate and recommence 
mask ventilation with or without a further intubation attempt. A strategy that involves 
prompt independent observation followed by agreement between the intubating clinician 
and the assistant on signs of correct insertion could lead to fewer errors, fewer delays in 
establishing effective ventilation, and better resuscitation outcomes.  
We propose that a comprehensive evaluation of performance should encompass the 
entire procedure as it affects the patient, from ceasing mask ventilation to re-establishing 
ventilation via mask (if the intubation is unsuccessful) or via ETT. We examined a nested 
sample of video-recorded resuscitations (made during a previous project) in which 
intubation was attempted, in order to explore whether improved team co-ordination could 
improve patient outcomes, specifically by avoiding unnecessary interruptions to ventilation 
of the neonate’s lungs.   
Method   
We reviewed video recordings of neonatal resuscitations that were performed in the 
resuscitation room adjoining two obstetric theatres at Mater Mothers’ Hospital (MMH) in 
Brisbane, Australia, a large teaching hospital with a tertiary neonatal/perinatal service. 
Recordings were taken from November 2008 until November 2009 as part of an 
investigation into the use of debriefing to improve clinical practice, using motion activated 
cameras that did not require a researcher to be present.15 The current study and the 
previous study were approved by the Human Research Ethics Committees of Mater Health 
Services and The University of Queensland.15 Of 122 recorded resuscitations 31 were 
considered eligible because the infant survived to neonatal unit admission and parental 
consent was obtained, and there was at least one attempt to intubate. The resuscitation 
team comprised two to five clinicians, and in the case of the infants for whom intubation 
was attempted, the team always included at least one doctor and one nurse or midwife. 
Analyses were conducted on 55 intubation events in 30 of the 31eligible neonates. One 
case was excluded because mask ventilation was not reinstated between intubation 
attempts due to the neonate’s spontaneous breathing.   
Time stamps were marked at five points: (1) ceasing face mask ventilation, (2) 
laryngoscope entering mouth, (3) laryngoscope exiting mouth, (4) decision of correct or 
incorrect ETT placement, and (5) re-commencing ventilation via ETT for successful 
attempts or via face mask for failed attempts. Successful attempts were defined as ETT 
tube placement and subsequent continuous ventilation via ETT. Withdrawn attempts were 
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laryngoscope insertion and removal without ETT insertion, and failed attempts were 
incorrect ETT placement, requiring removal of the ETT and subsequent mask ventilation. 
Ventilation was not re-established between attempts for two neonates, so the total time 
without ventilation was divided equally between attempts. It was not routine practice at 
MMH to perform laryngoscopy only for upper airway suction under direct vision, so all 
laryngoscopies were presumed to be for the purpose of intubation.   
Results   
The overall intubation success rate of intubation was 51 percent, (number of 
successful intubations divided by total attempts). The success rate was lowest for first 
attempts (37%), and was higher on second (67%) and third (67%) attempts. The single 
case involving a fourth attempt was successful. As data were not normally distributed, 
medians and non-parametric 95% confidence intervals lower limit and upper limit (LL, UL) 
are presented throughout. Average laryngoscope duration, and the total time pre- and 
post-laryngoscopy without ventilation across all attempts are presented in Table 1. Failed 
attempts had the shortest laryngoscopy duration in seconds, 33 (28–44 [21–46]), 
compared to successful attempts, 40 (32–50 [12–149]) and withdrawn attempts, 49 (34–57 
[16– 114]). Moreover, the average time to determine ETT placement was much longer for 
failed attempts, 61 (47–85 [8–267]), than for successful attempts, 47 (37–55 [28–160]). 
The median time to recommence ventilation after intubation was similar for successful 
attempts, 5(4–8 [2–21]), and withdrawn attempts, 5 (3–5 [2–38]), but much longer for failed 
attempts, 28 (17–56 [8–223]).  
Across all attempts, the median time taken from stopping ventilation to laryngoscope 
insertion was 5 seconds (3–5 [1–46]) and the median time from laryngoscope removal to 
recommencement of ventilation was 6 seconds (5–10 [2–223]).  Failed attempts had the 
longest proportion of time without ventilation16 (see Figure 1). For 1st, 2nd, 3rd and 4th failed 
attempts, a range of 46-80% of the total time without ventilation was pre- and post- 
laryngoscopy, compared to ranges of 20-26% for successful attempts and 10-21% for 
withdrawn attempts.
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Figure 1: Comparison of Laryngoscope in–out duration to total time without ventilation for each intubation outcome (succeeded, failed, and 
withdrawn) for each intubation attempt. Values at left are median (min–max) duration in seconds. 
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Discussion   
The intended purpose of endotracheal intubation during neonatal resuscitation is to 
achieve effective ventilation of the lungs. Whereas previous research has assessed 
intubation performance by measuring laryngoscopy duration and correct ETT placement,6, 7 
the patient’s physiological improvement relies on minimising the time when the lungs are 
not being aerated.6, 8 Our results suggest that the impact of endotracheal intubation on the 
neonate is only partly assessed by success rates and laryngoscope duration. In this study 
the time without ventilation was often more than twice the duration of laryngoscope 
insertion to removal. Given that the intubation success rate for our sample was 
comparable to previous studies, our finding is likely to be a general one.5,7,13  
Failed attempts had the shortest laryngoscopy duration but the longest duration 
without ventilation, much of which was attributable to the time taken to diagnose the 
incorrect ETT placement. It takes several breaths to determine success by any 
combination of auscultation, clinical response or a colorimetric CO2, especially in a very 
depressed neonate. Due care should be taken in deciding that the ETT should be 
removed and replaced, a process that could unnecessarily further prolong time without 
ventilation if mistaken but which is clearly justified if the tube is truly misplaced. However, 
good teamwork to collate all relevant cues and to achieve consensus could expedite the 
decision. Video laryngoscopy may also help clinicians identify ETT placement. Our results 
suggest that time pressure to accomplish the intubation itself could imperil success, 
whereas the time the baby is not being ventilated before and after the laryngoscope is 
inserted and removed could be more safely reduced.    
Unnecessary delays were also common in many of the successful intubations; delays 
were detected between ceasing mask ventilation and commencing intubation, and 
between removing the laryngoscope and re-commencing ventilation. The individual skill of 
the airway manager may determine intubation success, but reducing time without 
ventilation may be achievable by improving team co-ordination before, during, and after 
the intubation.    
One limitation of this study is that the data were collected from late 2008 to 2009, at 
which time training resources recommended limiting intubation attempts to 20 seconds.17 
Given that the failed attempts were among the fastest, this emphasis may have increased 
the success rate. However, it is unlikely to have affected the time without ventilation within 
each type of attempt. As this study relates to previous work15 where preserving the 
clinicians’ anonymity during recordings was a priority, we do not know the number of 
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doctors performing the intubations or nurses or midwives assisting. The depth of analysis 
does not extend to specific events that cause delays, but this will be the focus of future 
work. Furthermore, the 55 intubation attempts occurred in 30 analysed babies, so operator 
or patient characteristics potentially reduced the independence of some observations. 
However, because recorded resuscitations were performed at all hours by a wide variety 
of resuscitation teams over 12 months, it is likely that the findings are still generalizable. 
Finally, it is possible that subsequent improvements in training have reduced the time 
without ventilation.  However, this would only reinforce our conclusion that this time is a 
valuable measure of a team’s overall proficiency in intubation.     
In conclusion, we recommend that in both training and clinical practice of neonatal 
intubation, the times from mask removal to commencing laryngoscopy and from 
laryngoscope removal to re-commencement of ventilation are easily recorded indicators of 
quality that help to measure the teamwork that is critical to minimizing physiological 
perturbation of the baby. 
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An interaction design approach to designing a teamwork intervention with neonatal 
resuscitation teams: the NeoReadyTM project 
Abstract 
Background: Neonatal resuscitation teams have unique environmental and other 
challenges to team coordination. The purpose of our investigation was to develop an 
intervention that would support team action during neonatal resuscitation.  
Method: We used an iterative, user-centred approach typical of the interaction design 
process. Data collection techniques included (1) observations of clinical process and 
interaction with the prototypes; (2) interviews with neonatal consultants and nurses (N=11) 
using the critical incident technique; (3) desktop walkthroughs with neonatal consultants 
(N=4); and (4) four field-based simulations (N=12).  
Results: The final 4-part NeoReadyTM includes (1) a 4-page resuscitation recording form; 
(2) a shelf attachment for the resuscitation trolley that provides additional space for sterile 
procedures; (3) an equipment turntable for the of the resuscitation trolley that standardises 
equipment layout into four sections that corresponds with the four main steps of a neonatal 
resuscitation; and (4) an A3 display of the neonatal resuscitation algorithm and relevant 
reference tables that attaches to the top of the resuscitation trolley. Formative testing of 
the prototypes was qualitative, and all participants reported that the prototypes would 
improve current processes. Simulation testing yielded a moderate-high average usability 
rating (79.17) on the SUS (system usability scale).  
Discussion: A user-centred interaction design approach has resulted in a 4-part redesign 
that supports team action and cognition. Formative testing shows that the NeoReadyTM 
intervention is functional and has moderate-high usability. A mixed-methods approach to 
requirements gathering provided thorough insight into the challenges teams face. The 
rapid prototyping technique with user feedback at every stage resulted in a novel solution 
to support team co-ordination during resuscitation. Interaction design methods offer a 
practical approach for designing healthcare interventions. 
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Introduction 
Neonatal resuscitation teams do not always have the opportunity to perform teamwork 
behaviours such as time-out (pre-briefing) or role allocations. Because resuscitations can 
occur with little or no notice, teams often have the burden of setting up their equipment 
under time pressure and with competing priorities of patient care. Teams also have the 
challenge of working in close proximity around a very small patient who has critical 
requirements for very gentle handling and prevention of heat loss. The limited physical 
space puts constraints on how teams co-ordinate with each other and with their 
equipment. The purpose of the present project was to design an intervention that would 
support team co-ordination during neonatal resuscitation and support team adaptation to 
task and environment variables. 
Patient safety benefits from standardised delivery of care. One key recommendation 
from the US report To Err is Human (2000)1 was that patient safety programs should 
simplify and standardise equipment and processes. The corresponding UK report, An 
Organisation with a Memory (2000),2 emphasised the use of systems-based solutions to 
improve healthcare processes and reduce adverse events. System failures can have 
major consequences for patients. For example, incorrectly attached gas supply lines may 
deliver a dangerous hypoxic gas mixture rather than the intended oxygen enriched gas to 
support vulnerable neonates.3 Equipment on a resuscitation trolley that is not checked will 
potentially leave the trolley—and therefore the team—unprepared for resuscitation.4 
Medical device failures have also become an expected part of clinical practice for many 
physicians.5 System interventions can have mixed consequences, such as bed rails that 
reduce falls but also cause direct injury.6 Despite this, seemingly minor system 
improvements can also lead to major transformation of systems and processes. For 
example, a procedural tray that attaches to stretcher bedrails in the emergency 
department provides teams with a more portable and usable work surface for compared to 
the traditional Mayo stand.7  
As medical devices and treatments become more complex with improved science, it is 
even more important to have design processes that can help deliver safer healthcare 
systems.5 8-10 Medical equipment is often adapted from different clinical environments7 and 
teams develop work-arounds to compensate for poorly designed tools.5 Such adaptations 
and workarounds are an indirect approach to design that may not adequately or effectively 
support teamwork.9 The difference between a system intervention that fails or even harms 
patients and a system intervention that provides measurable improvement in practice 
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depends upon the effectiveness of the design approach. Therefore, we present this project 
as a case study and a template for an interaction design approach to design that can 
comprehensively gather the requirements of the task and team, and offer empirical 
feedback that meets the cost and time constraints of a hospital environment. In the 
Method we describe the interaction design techniques that were used to generate the 
prototypes. In the Results we describe the physical products that emerged during the 
interaction design process and the outcomes of evaluations.   
Method 
The current project is a user-centred, iterative interaction design process that incorporates 
user feedback at each stage. The interaction design process cycles iteratively through 
stages of gathering requirements, designing and redesigning prototypes and evaluating 
the prototypes at each stage until the final version of the product emerges (see Figure 1).11 
 
Figure 1. User-centred, interaction design process as formulated by Rogers et al.11 
 
The interaction design methods used included (1) observations of clinical process and 
interaction with the prototypes; (2) interviews using the critical incident technique;12 (3) 
desktop walkthroughs with subject matter experts; and (4) field-based simulations with a 
mannequin. Ethics approval was obtained from Mater Health Services HREC 
(HREC/15/MHS/141) and The University of Queensland (2016000732). 
Location 
All clinical aspects of the project and interactions with clinicians took place at Mater 
Mothers’ Hospital in South Brisbane, Queensland, a large, academic maternity hospital 
with over 10,000 births per year and a 79-bed neonatal intensive and special care service.  
   103 
Observations 
Author MM observed neonatal resuscitation training days, and attended resuscitations in 
birthing rooms and in the resuscitation rooms adjoining obstetric theatres and two “high 
risk” birth suite rooms. Observations were primarily for domain familiarisation (so the 
researcher could become familiar with the process of neonatal resuscitation), so were 
informal and unstructured. This “embedded research”— where the researcher has an 
academic affiliation but takes time to immerse themselves in the organisation—is 
increasingly being recognised as a valued approach to quality improvement and other 
projects.13  
Interviews 
One-on-one interviews were conducted until saturation of themes was reached, in this 
case when the same themes had been recurring, throughout the interviews, and the last 
two interviews provided confirmation and perspective, but no novel insights (N=7). 
Interviewees were senior specialist neonatologists and ‘code nurses’ (highly experienced 
neonatal nurses trained as first responders to high risk deliveries and as leaders and 
members of neonatal resuscitation teams) from Mater Mothers’ hospital. The semi-
structured questions were based on the Critical Incident Technique.12 Participants were 
asked to recall a memorable resuscitation event (where the baby had required at least 
face mask ventilation), and to describe the team dynamics. Asking participants to recall 
details of a specific event reveals requirements by providing insight into work as it is 
performed, rather than work as it is imagined.12 Critical incident interviewing is a widely 
used qualitative research technique that has been used for over 60 years in domains such 
as industrial psychology, counselling psychology, education, and healthcare.14  
Desktop walkthrough 
The desktop walkthrough technique allows users to interact dynamically with physical 
representation of design ideas. During desktop walkthroughs, users are typically given 
different versions of prototypes to evaluate as they simulate intended future processes.15 
In the current project, consultant neonatologists (n=3) and code nurses (n=4) were given a 
brief overview of the features and functions of several versions of the prototypes, and then 
asked to comment on usability as they stepped through a normative simulated 
resuscitation event. 
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Simulations 
Simulation testing of the 4-part prototype was conducted in the clinical environment with a 
Premie HAL® (Gaumard) mannequin. Participants were neonatal registrars and fellows, 
and neonatal code nurses. There were 12 “pause and reflect” simulation sessions 
consisting of 3 to 4 participants in each session, as described below. Simulations took 
place in the resuscitation room adjoining birth suites.  
The experimenter gave an introduction of approximately five minutes to the prototypes. 
Then the simulation leader pre-briefed participants with the scenario which required an 
initial assessment and resuscitation of a term newborn infant born in a depressed state. 
The scenario was paused after equipment setup so participants could provide feedback on 
the part of the intervention specifically designed to support equipment setup. The scenario 
was restarted and the mannequin was brought into the resuscitation room. The mannequin 
was manipulated so that participants were led into an advanced resuscitation that required 
an umbilical venous catheter (UVC) insertion, so as to test the part of the intervention 
specifically designed to support sterile procedures, such as the preparation and insertion 
of a UVC.  
At the end of the resuscitation scenario, participants were invited to provide verbal 
feedback, and then to anonymously fill in the 10-item SUS (system usability scale). 
Participants rated usability on a 5 point Likert-type scale of (1) Strongly Disagree to (5) 
Strongly Agree, with five of the 10 questions negatively worded to capture response bias.16 
The SUS provides a reliable assessment of how people see the product, even with 
relatively small samples (e.g., two users).17 A SUS score of 68 is considered above 
average usability, and anything below 68 is below average usability.16 
Results 
Overview of the interventions produced 
The four-part NeoReadyTM intervention emerged throughout the design cycle. The first part 
of the intervention (Part 1: new record form) emerged from the observations and from the 
first interviews. The design concept for the next phase of the intervention (Part 2: 
procedural shelf and Part 3: turntable) emerged during subsequent interviews while the 
early prototype version of the record form was being evaluated. The final phase of the 
intervention (Part 4: A3 display on the resuscitation trolley) emerged while Part 1, Part 2, 
and Part 3 were being evaluated in simulations. 
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For clarity, the following sections represents the interaction design process as a linear 
progression, whereas it was in fact a non-linear, iterative process, including requirements 
gathering, prototype development and redevelopment, and prototype evaluations and re-
evaluations.  
Observations 
Field observations 
Initial observations revealed that room layout and physical space constraints affect team 
co-ordination. In the birthing room resuscitation stations, (by intention) only the equipment 
needed to commence a newborn resuscitation was readily available, so if more advanced 
resuscitation is needed, the neonatal team needed to ask midwives for resuscitation trolley 
with full equipment to be brought, or sometimes for certain individual items. The 
resuscitation room adjoining birth suite was fully equipped, but is still a restricted space. 
The resuscitation room adjoining the obstetric theatres was fully equipped and has more 
space, but like the other resuscitation rooms, had limited surface area for procedural 
preparation. In preparation for resuscitation, equipment was typically set out on top of the 
resuscitation trolley and although the equipment stocked in drawers was standardised, the 
layout of equipment for immediate use had not been standardised. 
Training observations 
Observations of training revealed that advice was given that equipment set-up is done with 
a mental checklist of recalling equipment as it is used in procedural order. The lack of a 
systematic approach to layout of equipment for immediate use was confirmed.  
Interviews 
Thematic analysis of the Critical Incident Technique interviews revealed the most frequent 
factors that participants reported as affecting teamwork. Figure 2 presents the themes in a 
word cloud, where font size indicates frequency of occurrence from coded interviews. The 
most frequent themes included ‘scene organisation’, ‘equipment layout’, ‘team co-
ordination and communication’, and ‘confidence in the ability of other team members’.  
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Figure 2. Thematic analysis of interview content, where larger words and phrases indicate high 
frequency themes 
Part 1: Record form 
Design opportunity 
The interviews and observations revealed that the current resuscitation record form had 
several limitations; (1) There was insufficient room to record vital signs in the designated 
cells (2) The order of the sections on the form did not fully reflect the order of neonatal 
resuscitation (3) The form was commonly filled out retrospectively; that is, after the 
resuscitation is completed. The aim of the redesign was to make the form easier to use 
during emergencies, and therefore improve the quality and potentially the practicality of 
real-time reporting. There was also the opportunity to for the form to prompt role allocation 
and pre-briefing as part of the procedure and thereby support team communication and 
co-ordination.18  
Design decisions 
The new record form is A3 paper size, intended to fold into A4 size with four sides. The 
following changes were made to the outer pages of the form (see figure 3). 
1. Colour is used to create distinct sections, minimising use of lines and tables.  
2. Professional roles are replaced with a procedural role. Role allocation structure 
allows for fluctuation in roles, and multiple roles for each team member.  
3. A pre-brief checklist is included.  
4. The record of events is on a single page, rather than divided across two pages. 
5. “Time” is replaced with the more clinically important measure “Minutes of life”.  
   107 
6. The Apgar score appears underneath the record of events, rather than at the start 
of the form, so it follows the logical work practice of recording scores after or during 
the resuscitation, not before the resuscitation.  
The following changes were made to the inner pages of the new record form (see Figure 
3). 
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Figure 3. The evolution of the neonatal resuscitation record form. Top: The original single 
page printed both sides. Centre: The outer pages of the new record form. Centre 
Left: back page including the record of events, and the pre-transfer 
checklist. Centre Right: front page including the role allocation and pre-brief 
checklist. Bottom: The inner pages of the new record form. Bottom Left: a 
replication of the equipment outlines on the shelf and turntable. Bottom Right: 
(top) neonatal resuscitation algorithm, and (bottom) table of special case 
considerations that go beyond the algorithm.  
1. Page 2 provides a visual guidance for equipment layout to support anticipation and 
planning. The page layout reflects Part 2 (procedural shelf) and Part 3 (turntable) of 
the intervention.  
2. Equipment is drawn and labelled to prompt staff who are inexperienced or are 
working under extreme time pressure during equipment set-up. 
3. Page 3 provides the neonatal resuscitation algorithm that is used during training.  
4. Page 3 outlines special case considerations for non-normative resuscitations, so 
that there is guidance for resuscitations that require deviations from the standard 
algorithm.  
Part 2 and Part 3: Resuscitation trolley attachments: sterile procedural shelf 
(Part 2) and an equipment turntable (Part 3)  
Design opportunity 
Interviews and observations revealed that there were significant space limitations during 
resuscitation, particularly for advanced resuscitations that require preparation of an UVC 
(umbilical venous catheter), which is a sterile procedure requiring dedicated space. The 
lack of bench space compromising sterile procedures and medication set-up was an issue 
in all resuscitation locations. 
Further, there were instances where specialised neonatal equipment was not 
recognised by assisting staff who were on their first rotation, and/or staff who had come 
from different hospitals. Using a template (silhouette) of equipment has been shown to 
improve consistency of equipment layout.19 Several interviewees expressed the need for a 
more consistent approach to equipment layout, and noted the limitations of ad-hoc 
solutions such as using the resuscitation surface (where the neonate lies) for equipment 
layout.  
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Design decisions.  
See figure 4 for the design evolution of Part 2 and Part 3. The following physical 
enhancements to the resuscitation environment were developed. 
1. An additional shelf provides a dedicated area for UVC set-up, while allowing 
ongoing access to other resuscitation equipment.  
2. A silhouette template of equipment that provides visual prompts for the layout of 
specialised neonatal equipment. This provides a standardised approach to 
equipment layout, and supports inexperienced staff to identify and locate equipment 
when requested. The standardised layout also means that any available personnel 
(including maternity team) can prepare equipment, and the neonatal team will be 
able to reach for the equipment, with reliable knowledge of where it will be located 
on the trolley.  
3. The turntable is organised according to the Airway, Breathing, Circulation, and 
Drugs (ABCD) steps of resuscitation. The ABCD algorithm helps less experienced 
assistants to anticipate and plan for the next steps in the resuscitation.  
4. The 360º rotating shelf allows drug preparation to be done beside or behind the 
resuscitation trolley, if needed, so as to avoid interference with access to other 
equipment or to other ongoing resuscitation procedures.  
Part 4: A3 display of neonatal resuscitation algorithm 
The neonatal resuscitation algorithm is a decision support tool that is used in training and 
in clinical practice.20 The algorithm is a branched design that has evaluation nodes based 
on physiological thresholds (heart rate and Sp02). Depending on the outcome of the 
evaluation the flowchart leads to an action node for the team to follow. Teams are also 
encouraged to use lookup tables that show the insertion depth of the ETT (endotracheal 
tube) as measured at the lip, and the dosage of adrenaline (epinephrine) that is required 
according to the neonate’s weight and gestation. Currently the algorithm and reference 
tables are displayed on a laminated A4 sheet that lies on top of the resuscitation trolley. 
Design opportunity 
The current A4 size reference chart is placed on the equipment layout area of the 
resuscitation trolley, and so always ends up covered up.  
Design decisions 
The A4 reference chart was increased to A3 size and fixed to the top of the resuscitation 
trolley. One suggestion was to mount the reference chart on the wall, but mounting it on 
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the resuscitation trolley has the advantage of being a standard reference point, regardless 
of room (see Figure 
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Figure 4. Design evolution of Part 2, Part 3, and Part 4 of the NeoReadyTM (A) Existing equipment trolley; (B) The first drawn concept of a 
“lazy susan” style turntable, with a rotating shelf mounted above the turntable; (C) The first physical prototype constructed by 
layering Corflute® sheets; (D) A UVC (umbilical venous catheter) pack opened on the shelf; (E) Acrylic prototype of the shelf and 
turntable. The acrylic prototype was made physically bigger so to better accommodate a UVC pack. The circular waste reciprocal 
was removed from the turntable after users indicated that it was unsuitable; (F) Height clearance between turntable and shelf. The 
shelf height is adjustable on the pole (up or down); (G) Turntable and shelf with equipment outline stickers. Note: Early iterations 
of the shelf had sticker outlines, but later iterations did not because of user feedback regarding preferred layout of equipment; 
and (H) The A3 size neonatal resuscitation decision algorithm and reference tables displayed in a clear acrylic stand, and 
mounted to the top of the equipment trolley. 
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Desktop walkthrough 
The desktop walkthrough with senior neonatal consultants revealed several important 
content issues, particularly where the generalised “textbook” procedure differed from the 
specifics of local clinical practice. For example, the hospital is a tertiary maternity hospital 
so rarely has cause to use laryngeal masks; therefore the template outline for the 
laryngeal mask was removed from the turntable and record form. Similarly, the self-
inflating resuscitation bag or T-piece resuscitation device circuit is routinely stored on the 
resuscitation cot, not on the resuscitation trolley, so the template outline for the bag was 
also removed from the turntable and record form.  
Another important design limitation was revealed during the desktop walkthroughs. 
The early prototype of the record form featured a preparation checklist on page 2, and a 
troubleshooting guide on page 3. However, the preparation checklist was seen as useful, 
but unlikely to be checked off. In addition, the simple trouble-shooting guide was seen as 
redundant in the context of a teaching hospital, where a senior neonatologist would be 
available to assist less experienced doctors.  
As a result of this feedback, the checklist was replaced with a visual guide to 
equipment set-up that mapped onto the turntable and shelf layout, and the trouble-
shooting guide was replaced with the neonatal resuscitation algorithm. The neonatal 
resuscitation algorithm is in essence also a trouble-shooting guide, (and it includes some 
“trouble-shooting” reminders and corrective measures) but it provides a simplified, higher 
order list of priorities for teams to follow. However, the resuscitation algorithm follows a 
normative resuscitation pathway. Non-normative resuscitations require a different 
treatment pathway, which is why the design decision was made to also include a table of 
“special case considerations” that provide treatment instructions in the case of, for 
example, certain congenital abnormalities that mandate a different strategy.  
Simulations 
The simulations provided important insight into the usability of the prototypes in the clinical 
environment. The four parts of the intervention were evaluated during the simulations, 
however, the A3 display (Part 4) only evolved as a consequence of observing the teams 
repeatedly “lose” the A4 version (typical item on the resuscitation trolley) under the 
equipment that was laid out. 
The record form was not used to record the steps of the resuscitation during the 
simulations, as there were only 3 people present for an advanced resuscitation, and they 
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had to prioritise clinical tasks. As a consequence, the record form was not adequately 
tested. However, this reflects the reality of clinical practice, where the record of events is 
often filled out retrospectively. Despite this, the additional features of the form, such as the 
pre-brief section were of value to teams; 
I don’t know whether you’d have time to fill this out (resuscitation record form) but let’s face it, most 
of us do that after anyway (others agree)… but even if you were just prompt us to do this bit … I 
really liked this quick checklist (pre-brief checklist).   
Teams reported that the equipment set-up was easier with the equipment template to 
guide them. The template was useful for the setup using the procedural shelf (Part 2) and 
equipment turntable (Part 3): 
I think it’s good visual prompting. Like for me, that’s been a cardiac nurse, that hasn’t been a code 
nurse down to a code for a while, I was like, oh, that’s good. 
Teams also provided feedback that the prototypes improved scene organisation by 
creating order in equipment layout and a better use of space:  
Space is always a premium during a resuscitation, and everything does get mixed up into a big mess 
(others agree) and I can see the benefit of having this (turntable)… 
Several team members had reservations about the layout of the 4 quadrants of the 
turntable, and also had conflicting ideas about which equipment should be laid out in 
which quadrant. Some feedback was that there should be 3 sections instead of 4, merging 
the airway and breathing sections. Some participants wanted the airway and breathing 
sections merged, and the circulation and drugs sections merged, effectively making the 
turntable and organisation of equipment redundant. There was no clear consensus on the 
layout of equipment, or the most appropriate number of sections on the turntable, which is 
reflected in the SUS outcome. 
The procedural shelf (Part 2) provided an unexpected benefit of creating a physical 
barrier for medication preparation that teams discovered during the course of the 
simulations; 
If you need to draw up the drugs you could go around there (pushes shelf behind resuscitation 
trolley) which actually creates a safety barrier while you’re checking the drug (others agree) away 
from the hustle and bustle, so you’re not likely to be pulled back in.  
During the simulations, all teams looked to the neonatal resuscitation algorithm and the 
reference tables provided on the record form. In current practice the A4 algorithm including 
reference tables is laminated and placed on top of the resuscitation trolley. During 
simulations, staff only used the resuscitation recording form for the algorithm page; 
however, it would inevitably end up underneath the equipment on top of the resuscitation 
trolley. Therefore, the design solution emerged that the A4 algorithm and reference tables 
   114 
should be increased in size to A3 and fixed to the top of the resuscitation trolley for better 
team visibility. The mounted A3 display of the decision algorithm and lookup tables was 
evaluated in the last two simulations. Feedback was unanimously positive regarding the 
display location; 
It’s usually hidden under all our equipment so when we open everything up in a hurry we often don’t 
see it. And it’s good to see it again as a refresher… particularly if you’re starting to panic a bit if 
things aren’t going to plan it’s there to jump back to. 
Quantitative results 
In addition to qualitative feedback, participants provided ratings on the System Usability 
Scale (SUS). Participants reported an overall moderate-high average usability rating 
(79.17) on the SUS. Eight of the 12 participants gave above the target usability rating of 
68, and three of the low four lowest scorers were from the first simulation where there was 
very little introduction to the features and functions of the NeoReadyTM. Four participants 
gave a score of 90 or above, and all participants rated the NeoReadyTM 60 or greater on 
the SUS (see Tables 4 & 5; Figure 5)/  
SUS scores (see Figure 5).  
 
Figure 5. System Usability Scale (SUS) scores for each participant after the simulations. 
Pattern and shading indicate the three-person teams. The line indicates the target 
(68) for “above average” usability. 
 
Table 9. Positively worded SUS items. Higher scores (Min=1, Max=5) indicate the strength of 
agreement with the statement.  
Statement Mean 
(SD) 
I think that I would like to use this system frequently. 4.1 (0.9) 
I thought the system was easy to use. 4.3 (0.7) 
I found the various functions in this system were well integrated. 4.0 (0.9) 
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I would imagine that most people would learn to use this system 
very quickly. 
4.5 (0.7) 
I felt very confident using the system. 3.4 (0.9) 
*N=12 
Table 10. Negatively worded SUS items. Lower scores (Min=1, Max=5) indicate the strength of 
disagreement with the statement. N=12. 
Statement Mean 
(SD) 
I found the system unnecessarily complex. 2.1 (1.0) 
I think that I would need the support of a technical person to be 
able to use this system. 
1.3 (0.7) 
I thought there was too much inconsistency in this system. 1.6 (0.8) 
I found the system very cumbersome to use. 2.0 (1.0) 
I needed to learn a lot of things before I could get going with this 
system. 
1.6 (0.9) 
*N=12. 
Discussion 
Neonatal resuscitation is a time-critical emergency procedure that requires a high degree 
of co-ordinated team action. Standardising equipment and processes in one key way to 
promote safer systems and prevent adverse events.8 An interaction design approach 
provided comprehensive insight into the challenges and limitations in the system that 
teams encounter when performing neonatal resuscitation. The 4-part NeoReadyTM 
intervention that resulted from the rapid prototyping technique standardises processes, 
makes better use of the physical space, and provides support for co-ordinated team 
action.  
To date, the principal way to improve team co-ordination is simulation-based training; 
but training depends upon the availability of equipment, space, and human resources. 
Rather than relying on the default organisational approach of “more training”, the design 
philosophy underlying the NeoReadyTM is to provide structure for teamwork behaviours—
such as pre-briefing and role allocation through the record form—providing a stable 
artefact designed to support team interaction and shared situation awareness. 
Designs can be used to create new possibilities for interaction, and they also create 
constraints that remove possibilities—ideally, unwanted possibilities—for interaction.21 As 
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an example of the former, some participants noted, the rotating shelf can be pushed 
behind the resuscitation trolley away from the chaos of the procedure, thereby providing a 
physical barrier in order to reduce distraction during medication preparation.  
Rapid prototyping is a practical technique that suits a dynamic healthcare environment. 
User feedback at every stage of design not only provides insight into both usefulness and 
usability, but also has the advantage of user validation, which increases the likelihood that 
users will be agreeable to testing and potentially implementation. An interaction design 
approach provided an effective way to thoroughly understand system challenges and 
subsequently resulted in targeted, novel solutions. 
With increasing demand on services and limited resources, other areas in healthcare 
may also benefit from innovative solutions that stem from an understanding of both the 
complexity of the system and the science of design.2 9 10 For example, a mixed method 
approach to understanding the user needs and the complexity of a system, combined with 
user-centred design process has improved service delivery in a mental health ward.22 In 
this case, the users were both the patients and the staff of the ward, and the user-centred 
design process improved communication during patient triage. However, targeting “soft 
skills” with user-centred design is vulnerable because—as was the case in this example—
process changes may be lost with staff turnover. In the present study, the NeoReadyTM is 
designed to shape the environment, not people, and therefore will be more robust to staff 
turnover.  
Another key strength of the present study is that the teams that evaluated the final 
phase prototypes in the field simulations had not been involved in interviews or desktop 
walk-throughs and therefore were able to provide more objective evaluations. Not all user-
centred design studies manage such separation. For example, Martikainen and 
colleagues23 successfully employed user-centred design to develop a software solution for 
a healthcare information system; however, their development process was incomplete. 
They note that the final evaluation of the software was not properly evaluated by end users 
because participants that are involved in the early design phases are aware of design 
decisions and compromises, and therefore they are unable to provide objective 
evaluations of later stage prototypes.  
Limitations of the study and future directions of the NeoReadyTM  
This project involved formative testing of an empirically based intervention, using 
opportunities that arose over several months of clinical practice. The record form was not 
adequately tested during the simulations, as there were insufficient people present to 
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assign the role of a dedicated scribe. This reflects actual clinical practice, and provides 
useful insight into why documentation during neonatal resuscitation is often incomplete.24  
At this point, there has not been a summative evaluation of the NeoReadyTM against 
team performance markers such as team co-ordination as measured by transition between 
procedures, and time from decision to intervention step. Therefore, the next steps in this 
program of research will be to evaluate the NeoReadyTM in clinical practice. We will 
analyse video-recordings and look for measures such as time to set-up, and to time to 
transition between procedures. Analysis of the video-recordings will help quantify the direct 
effect of equipment organisation on team co-ordination.  
Conclusions 
The advantage of an interaction design approach is that it acknowledges the details of 
issues that users face in the healthcare environment. Understanding work as performed—
with all the constraints and challenges—is an important step in designing an intervention 
that will transform the system from its current state to a preferred state. At each stage of 
the design cycle, user interaction and feedback guides the evolution into the preferred 
state. User-centred design with rapid-prototyping may be of advantage to hospital 
administrators for rapid, low-cost quality improvement, and also for healthcare teams that 
need equipment that is designed specifically for their clinical practice.  
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Technical Drawings 
 
Figure 18. Technical drawing for the rotating shelf. (Part 2).   
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Figure 19. Technical drawing for the equipment turntable (Part 3).
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